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ADVERTISE.  M E N T. 


THE  Committee  appointed  by  the  Royal  Society  to  direct  the  pub- 
lication of  the  P hilofophical  Tranfaftions,  take  this  opportunity  to 
acquaint  the  Public,  that  it  fully  appears,  as  well  from  the  council-books 
and  journals  of  the  Society,  as  from  repeated  declarations,  which  have 
been  made  in  feveral  former  Tranfidions,  that  the  printing  of  them  was 
always,  from  time  to  time,  the  fingle  aft  of  the  refpeftive  Secretaries,  till 
the  Forty- leveuth  Volume : the  Society,  as  a body,  never  interefting  them- 
ielves  any  further  in  their  publication,  than  by  occafionally  recommending 
the  revival  of  them  to  fome  of  their  Secretaries,  when,  from  the  particular 
circumftances  of  their  affairs,  the  Tranfadions  had  happened  for  any 
length  of  time  to  be  intermitted.  And  this  feems  principally  to  have 
been  done  with  a view  to  fatisfy  the  Public,  that  their  ufual  meetings 
were  then  continued  for  the  improvement  of  knowledge,  and  benefit  of 
mankind,  the  great  ends  of  their  firft  inffitution  by  the  Royal  Charters, 
and  which  they  have  ever  fince  fteadily  purfued. 

Rut  the  Society  being  of  late  years  greatly  inlarged,  and  their  com- 
munications more  numerous, |it  was  thought  advifeable,  that  a Committee 
of  their  members  fhould  be  appointed  to  reconfider  the  papers  read  be- 
fore them,  and  feleft  out  of  them  fuch,  as  they  fhould  judge  mold  pro- 
per for  publication  in  the  future  Tranfadions  ; which  was  accordingly 
done  upon  the  26th  of  March  1752.  And  the  grounds  of  their  choice 
are,  and  will  continue  to  be,  the  importance  and  fingularity  of  the  fub- 
jefts,  or  the  advantageous  manner  of  treating  them  ; without  pretending 
to  anfwer  for  the  certainty  of  the  fafts,  or  propriety  of  the  reafonings, 
contained  in  the  feveral  papers  fo  publifhed,  which  muff  Rill  reft  on  the 
credit  or  judgment  of  their  refpeftive  authors. 
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It  is  likewife  necefTary  on  this  occafion  to  remark,  that  it  is  an  efla- 
hlifhed  rule  of  the  Society,  to  which  they  will  always  adhere,  never  to 
give  their  opinion,  as  a body,  upon  any  fubjecl,  either  of  n aturc  or  Art, 
that  comes  before  them.  And  therefore  the  thanks,  which  are  fre- 
quently propofed  from  the  chair,  to  be  given  to  the  authors  of  fuch  pa- 
pers, as  are  read  at  their  accuflomed  meetings,  or  to  the  perfons  through 
whole  hands  they  receive  them,  are  to  be  confidered  in  no  other  light 
than  as  a matter  of  civility,  in  return  for  the  refpeft  fhewn  to  the  Society 
by  thofe  communications.  The  like  alfo  is  to  be  faid  with  regard  to 
the  feveral  projects,  inventions,  and  curiofities  of  various  kinds,  which 
sre  often  exhibited  to  the  Society  ; the  authors  whereof,  or  thofe  who 
exhibit  them,  frequently  take  the  liberty  to  report,  and  even  to  certify 
in  the  public  news-papers,  that  they  have  met  with  the  highelt  applaufc 
and  approbation.  And  therefore  it  is  hoped,  that  no  regard  will  here- 
after be  paid  to  fuch  reports,  and  public  notices  ; which  in  fome  inftances 
have  been  too  lightly  credited,  to  the  dilhonour  of  the  Society. 
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PHILOSOPHICAL 


TRANSACTIONS. 


I.  Relazione  di  una  nuova  P loggia,  fcritta  dal  Conte  de  Gioeni 
abitante  della  qy  Reggione  dell'  Etna  ; communicated  by  Sir  Wil- 
liam Hamilton,  K.  B.  F.  R.  S . 


Read  November  8,  1781  *. 

V olat  per  Mare  magnum  elm's  decodlus , et  terrenls  nub  thus 
excitatis , tranfmarinas  quoque  provlnclas  pulverels  guttis 
implevtt.  cassiod.  lib.  IV.  var.  epift.  5c. 

LA  mattina  de  24  corrente  fi  e qui  prefentato  uno  de  feno- 
meni  piu’  fingolari ; tutti  li  Inoghi  elpofti  all’  aria  fi  tro- 
varono  bagnati  da  un’  acqua  colorita  cretacea  biggia,  la  quale 

1 

* For  a tranflation  of  this  paper  fee  the  Appendix. 
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Rehizione  di  una 

evaporando  indi,  o mfiLtrandofi  ncll'a  terra,  lafcio  per  ogm  dove- 
la  materia:  che  contenea,  all*  altezza  di  due,  o tre  linee  ; tutti  i 
ferri,  clve  iie  furono  tocchi,  divennero  rugginofi. 

II  publico  portato  al  maravigliofo,  imagino  varie  cagioni  di 
tale  pioggia,  motivi  di  timore  per  gli  veggetabili,  e gli  animali. 

Le  popolazioni,  che  fi  valgono  delle  acq.ue  piovane,.  fi  alien- 
nero  di  fame  a libra  ufc*.  Vi  fu’  chi  fofpetalTe  contenerfi  in  efifa  de’ 
princrpi  vitriolici : e delle  perfone  prediflero  un  qualche  male 
epidemico  fopraveniente. 

Chi  avea  oflervato  l’efplofioni,  che  l’Etna,  da  venti  e piu* 
giorni,  face  a vedere  dall’  alto  del  fuo  craterer  inclinava  a credere 
originato  quel  fenomeno  da  una  di  efle. 

Si  eftefe  la  pioggia  dal  nord  l nord  eh;  al  fud  l fud-ovefi:  fopra 
le  campagne  di  noto,  fin  dove  contanfi  in  linea  redta,  lettanta 
miglia,  dal  vertice  dell’  Etna. 

Non  e nuovo,  che  li  volcani  per  la  forza  efpanfiva,  che  vio- 
lenta  m effi  fi  genera,  abbiano  cacc.iato  delle  Sabbie  * portate  da 
venti  di  lontane  reggione,  e delle  pietre  • 

* L’autorita  di  Calnodoro.  prcmefla  a quefta  relazione  e avvalorata  da  Seneca 
nel  fuo  20  lib.  delle  Queft.  Nat. 

./Etna  aliquando  multo  igne  abundavit,  ingentem  vim  arencc  urentis  efFudit, 
involutus  eft  dies  pul  vers,  populofque  fubita  uox  terrait. 

M;i  fenza  riandare  alle  moltiffime  memorie  di  quefto  volcano,  e del  Vefuvio, 
come  a noi  pin’  vicini,  abbiamO  da  20  anni  in  qua  veduto  molte  delle  pioggie  in 
Sicilia,  originate  dell’  Etna,  e Fulttma  preccd'ette  la  innzione  dell’  anno  fcorfo, 
era  quella  compofta  di  piccloli  frammenti  di  pomici  bituminofe,  o ftumie. 

ft  La  pier ra,  deferitta  da  plinio  caduta  nella  Tracia,  la  pioggia  di  pictra,  che 
avvenne  fill  monte  Albano,  dopo  la  rovina  di  Alba,  della  quale  ci  fa  menzione  tito 
livio,  e molte  akrc  fimili,  rimarcate  dalli  antichi,  come  pioggie  prodigiofe,  fo n» 
ftate  riconofcime  per  volcaniche  ; in  quanto  all’  Etnaabbiamo  a giorni  noftri  veduto 
formare  de’  monti  nuovi,  per  il  cumulo  delle  pietre,  o per  meglio  dire  delle  lave  ; 
e degli  antichi,  o-ltre  stkakone,  ed  altri  molti  ferittori,  il  lirico  pin daro  ci  trafr 
mette,  che,  ahquando  non  tantiun  rivos  igneos  rjcc'it , fed  faxa  ignita . tind.  ap 
Brit.  lib.  V.  c.  14.  o.  2. 
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. Ma  il  colore  dclk  materia,  e la  fua  iottigliezza,  diedero  mo- 
dvb  di  duhitare,  onde  nc  lode  originata,  accrefcendcfene  I’in- 
certezza  dalla  rimarchevoie  circodanza  dell’  acqua,  che  por- 
♦olla  incorporata  * e pero  li  i'olpettava  di  altro  prindpio. 

Era  dunque  vopo  per  ogni  ragione  di  aflicurarfi  della  natura 
tl>  t.iie  mate  the,  ondc  icflar  perlitad  oella  fu a ongine,  e degli 
citetti,  che  a\  j ebbe  potuto  cagionare  : non  potea  queifo  farii 
fenza  il  feccorfb  dell’  analifi  chimiea  : per  far  dunque  cio  con 
iiccurezza,  procurai  raccogliere  qudla  pioggia  m luogo,  ove 
potefii  ciedeie,  die  non  elilfedcro  altrc  loftanze  eterogenee  * 
ScelH  percio’  la  pianta  cliiamata  Braffica  Capital  a,  la  quale  avendo 
le  foglie  larglie,  e ravvolte,  trovai,  che  contenea  a fufficienza 
dell’  acqua  colorita ; e riverfate  molte  di  ede  in  im  vafo,  laiciai 
•indi,  che  fpontaneamente  ne  rifedefle  la  terra  al  fondo,  in  cui 
dopo  qualcbe  tempo  depofe  la  parte  limofa,  reftando  1’acqua 
tralparente. 

Separata  qudla  m alt r<??  vafo,  la  tentai  con  de’  liquori  alcalini 
vegetabili,  ed  acidi  minerali : ma  non  oHervai  decompofizione  con 
alcuno  de’  due  meflrui ; padai  ad  evaporarle  per  riunire  quelle 
materie,  che  potevano  fbrfe  edere  in  foluzione,  e toccatala  di 
belli uovo  con  gli  anzidetti  liquori,  fece  vederfi  leggiera  .effer- 
ve fee n z a con  gli  acidi ; provata  con  lo  liroppo  di  viole,  divenne 
quefto  verde  fmorto,  coil  che  mi  perfuafi,  che  contenede  un 
file  cal  cateo  f.  Con  la  decozione  di  galla  jiion  pro  dude  pre- 
cipitazion.e. 

* Ne’  molti  fcnitton  del  noftro  Etna,  non  tfovafi  Pioggia  di  Sabbia,  o di  altra 
produzione  mefcolata  con  acqua. 

t Provata  ancora  con  diiloluzione  di  piombo  nell’  acido  vegetale,  perdette  il  fiio 
color  naturale,  e la  iua  trafparenza,  divinendo  lattiginofa.  Io  mi  farei  a credere, 
che  fii  quello  un’efFetto  delie  particelle  alcaline,  e cof;  tpiegare  la  efflordcenza,  che 
nioll'e  fopra  li  ter-ri  efpofti  all’  aria. 
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Dififeccata  pofcia  all’  ombra  la  materia,  fi  fe  vedere  una  terra 
fottilifiima  di  color  cretaceo,  ma  inerte  per  effere  ftata  diluta 
della  pioggia. 

Penfai  calcinarla  ad  un  fuoco  leggiero,  e vi  prefe  il  color  di 
mattone  ; pofla  indi  in  un  crogiuolo,  uua  porzione  di  quefla  la 
paflai  a fuoco  piu’  violente,  e perdette  quail  il  colore  acquiffato  ; 
un  altra  parte  di  quefla  provata  a piu’  gagliarda,  e lunga  calci- 
nazione  (onde  poteffi  fperarne  la  vitrificazione)  reflo  cio  non 
pertantc,  frolle,  e divififfima,  litornando  al  fuo  priflino  colore 
biggio. 

Ofiervato  con  accuratezza  il  fumo  delle  tre  calcinazioni,  non 
diede  alcuno  colore,  ne  odore,  per  fofpettarii  de  mefcolanza 
arfenicale  o fulfurea. 

Avuta  dunqne  quella  materia  in  tre  porzioni,  calcinata  a tre 
difFerenti  gradi  di  fuoco,  le  prefentai  una  buona  magnete,  ma 
non  aggi  quefla  nella  prima,  e nella  feconda ; nella  terza  pero’ 
una  leggiera  attrazione,  in  aghi  vifibili,  reiterata  piu’  bate,  mi 
fe  flabilire,  che  fia  in  quefla  terra  un  principio  marziale  nella 
forma  metallica,  e non  in  foftanza  vitriolica  *. 

Della  natura  dunque  delle  materie  riconofciute,  fi  rilieva  la 
loro  origine  volcanica,  imperoche  il  ferro  piu’  che  e’  efpoflo  a 
violenta  calcinazione,  perdendo  il  principio  flogiftico,  piu’ 
fi  rende  divifo,  e non  puo  quefto  fuccedere  naturalmente,  che 
nel  gran  focolare  di  un  volcano.  Il  fale  calcareo  eflendo  un  fal 
marino,  combinato  con  foflanze  calcaree  per  via  di  fuoco  vio- 
lente f uon  puo’  altrimenti  eflere  compoflo,  che  nel  volcano  j. 

Percio, 

* Imperoche  non  avrebbe  altrimenti  l’acqua  prodotto  effervefcenza  ccn  gli 
acidi,  ma  1’avrebbe  rnoftrato  con  gli  alkali,  e nella  triplicata  calcinazione,  fi  far  a. 
pin’  toflo  accrefciuto,  die  diminuito  il  colore  roflo. 

-}■  La  combuilionc  delle  pietre  da  Calce  puo’  produrre,  e*  vero,  la  combina- 
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Percio,  che  appartiene  alii  temuti  eifetti,  fopra  gli  animaJi,  e 
gli  veggetabili,  e noto  a chiunque,  l’ufo  vantaggiofo.  che  ritira 
la  medicina  dell’  uno  e l’altro,  in  quella  fhefla  forma  che  fu- 
rono  preparati  nel  gran  laboratorio  della  natura. 

Li  veggetabili,  che  fono  nell’  attuale  horificazione,  non 
moftrano  la  menoma  macerazione,  come  altre  volte  e avvenuto 
con  le  pioggie  di  Sabbia  *. 

Come  poi  quella  produzione  volcanica  fi  ha  mefcolata  all’ 
acqua,  puo  cio  concepirh  in  varie  guife. 

L’Etna  e ordinariamente  attornato  nella  fua  media  reggione 
di  nuvole,  le  quali  non  fempre  oltrepaflano  la  fua  fommita,  che 
lialza  a 2900  pafh  f fopra  il  livello  del  mare,  cacciatane  fuori 
quella  materia,  trovando  fottopohe  le  nuvole,  pote  av venire, 
che  li  foffe  mefcolata  alle  hefle,  e fciolta  poi  in  pioggia  nella 
maniera  ordinaria : puo  altrimente  conghietturarh,  che  quel 
denfo  fumo,  che  contenea  la  materia  volcanica  per  la  forza  de’ 

zione,  onde  rifulto  il  fale  calcareo,  ma  fcorgeh  c'haramente,  che  non  potea  quella 
quantita  altronde  provenire  che  dal  volcano. 

t Molle,  e replicate  efperienze  fopra  li  prodotti  dell’  Etna  mi  hanno  perfuafo,. 
che  il  fal  marino  hi  uno  de  principali  e piu’  abondanti  meftrui,  che  eccitano  le 
effervefcenze  del  noftro  volcano,  o che  ne  hi  la  bafe  (come  un’  amico  di  molta  cog- 
nizionemi  ha  fatto  nuovamente  riflettere)  trovo  del  fale  calcareo  nelle  vecchie  lave, 
del  fale  comune,  lo  trovo  fublimato  in  ammoniaca  nelle  fenditure,  e ne’  fpiragli 
delle  nuove  eruzicni ; ma  qui  non  e luogo  a cio’ che  richiede  un  maggior  volume, 
forfe  apprelfo  potro’  meglio  dime  in  altra  occahone. 

* Mi  trovo  aver  replicatamente  olfervato,  che  le  pioggie  di  Sabbia  del  noftro 
monte  per  lo  piu’  compofte  di  materie  calcinate,  edipiccioli  criftalli  di  Schorl,  por- 
tano  un  cimento  di  particelle  arfenicali,  e fulfuree,  e qualche  volta  htline,  che 
unifce  lo  Schorl  aile  altre  materie  ; cohche  fe  ne  ingrofhtno  li  graneili  j qualche  volta 
ancora  ci  e arrivata  la  pioggia  calda  a terra. 

f La  mifura,  che  ho  tentato  della  perpendicolare  del  monte;,  mi  e due  volte 
riufcita  all’  altezza  defcritta,  non  pero  la  do  per  certa,  fapendo  che  l’altimetria 
ha  vopo  di  efatti  iilromenti,  e di  reiterate  offervazioni,  che  dovro  comprovare 
ancora  con  il  baromctro  a migglior  commodo, 
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vend,  foffe  trafportato  nell’  atmosfera,  con  la  fua  rarcfazione, 
fopra  quel  tratto  di  paefe  *,  e quindi  raffireddandofi  fi  fia  conden- 
zato  tanto,  die  fuperando  il  pefo  dell’  aria  fottopofta,  fi  abbia 
fciolto  nella  pioggia  colorita. 

lo  rimetto  per  altro  a fifici,  a quali  appartiene  la  cognizione 
degli  aggenti  della  natura,  lo  efame,  e la  fpiega  di  tale  feno- 
metio,  limitandomi  alle  oflervazioni,  ed  alle  efperienze  di  natu- 
ralilla  iniziato  nella  -chi mica,  affine  di  concorrere  con  effie  di  qua- 
lunque  merito  fiano,  alia  teoria  de’  volcani,  e del  globo  f* 

P.  S.  A 4 Maggio,  Venerdi  alle  ore  21 1 di  Italia  fi  e fatta 
fentire  una  fcoffia  di  terra  aflai  leggiera,  nelle  abitazioni  che  fono 
attorno  all*  Etna,  la  quale  piu’  fi  refe  fenfibile  in  qualche  Ion- 
tananza  del  monte,  la  fua  azione  fu  dal  nord  al  fud.  Avea  ii 
volcano  continuato  le  fiamme,  e le  efplolioni,  e la  notte  pre- 
cedente,  una  colonna  di  fumo,  compofta  di  globi  quad  articolati, 
l’uno  fopra  l’altro,  fi  era  alzata  fopra  il  cratered!’  altezza  dup- 
plicata  della  montagtia  per  quanto  facea  arbitrate  la  diftanza  di 

* Accio  la  addotta  ipotefi  non  fembri  efagerata  per  la  quantita  di  fumo,  chc 
develi  iupporre,  io  rapporto  cio  che  fu  oflerv;ato  da  cicerone,  cratere  flamma  erum- 
pit,  fumo  mixta  tarn  copiofo,  ut  dum  Bonbas  Ipirat  Melitam  ufque  per  aera  ilium 
.iublimem  propellat  ad  ix.  millia  pafluum  fpatium.  cjc.  de  Nat.  Deor.  lib.  II. 

f LaPhyfique  (dice  il  Sr.  wai.erio  nella  fua  mineral,  t.  2.  Hidrol.  2.  f.)  eft. 
plus  univerfelle  dans  fcs  vues,  et  plus  philofophique  dans  fon  examen,  le  phyficien 
• envifage,  raifonne,  explique,  le  naturalifte  re.garde,  ramafle,  et  range  ; celui-ci 
•vo us  dira  il  exifte  tel  corps  dans  la  nature,  il  eft  fait,  foit  au  dedans.,  foit  au  dehors 
dc  telle  ou  telle  maniere,  il  eft  de  tel  ou  tel  regne,clafle,ordre,  efpece,  variete;  celui  la 
pretendra  vous.expiiqucr  les  caufes  de  fon  exillence,de  les  formes, et  de  les  proprictes. 

Appreflo  al  Sr.  wai.euio  l’illuftre  Sr.  linne  nell’ anal,  tranfalp.  anno  1740,  if. 

2.  cofi  fcrive  ; Fhyfica  eft  fcientia  de  qualitatibus  elementorum.  Hiftoria  naturalis 
autem  circa  cognitionem  corporum  naturaliuin  verfatur  : il  vero  naturalifta  dev* 
.eftere  iftruito  della  fifica,  e della  chimica  ancora,  ma  non  conoiciamo  ansor  noi 
qui  la  divifione  delle  due  fcicifze. 
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22  miglia  dal  vertice  per  linea  retta,  in  cui  e querta  citta  ; duro 
quella  tutto  la  notte  perpendicolare,  folche  li  avea  rtaccato  uno 
de5  globi,  ed  allungato  all’  overt  della  fa  a cima ; tratto  tratto 
tutto  1 interno  della  colonna,  e della  lingua  prolungata  di  fumo 
venivano  internamente  illuminate  da  fuoco  elettrico,  che  t-af- 

pariva  roflb  cupo,  eftinguendofi  gradatamente  dal  barto  all*  alto, 
in  due  fecondi. 

Ha  continuato  il  fuoco  ful  cratere  fin’  o^si  8 Magirio,  rHet- 
tando  delle  moli  infuocate,  le  quali,  vagamente  rotolando  giu 
pei  il  cono,  hanno  illuminato  quella  reggione,  e li  e verfata 
della  lava  dal  cratere  in  qualche  quantita  verfo  l’oveft  nord- 
overt  ’r  ma  non  ha  avuto  querta  la  forza  di  rompere  li  Hancbi,  o 
le  pareti  del  volcano,  a tal  che  hamo  nel  calo  di  appropiarci. 
quella  memoria  ftorica.  marco  jemilio  c.  aurelio  ColT.. 
JE{na  mom  terramotu , ignes  Juper  verticem  late  diffud.it . JuL 
Obfequ.  de  Prodig.  c.  Sxj. 
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II.  Neva  experiment  a Chemica  qua  ad  penitiorem  Acidi  e Pin- 
guedine  eruti  cognitionem  valere  videntur.  Scribebat  D.  Lau- 
ren tius  Crellius,  Gulielmo  Huntero,  M.  D.  S.  R.  S . 


Read  November  15,  1781. 

1 * 

ON  fine  maxima  animi  voluptate  e Philofophicarum 
Tranfa&ionum  volumine  noviffimo  percepi,  meas  litteras  ' 
ad  te  miffas,  de  experimentis  chemicis  referentes,  non  folum 
tibi  baud  difplicuiffe  ; fed  etiam  illuftriffimae  Regias  Scientiarum 
Societati  abs  te,  ea  qua  es  humanitate  oblatas,  honorificentif- 
fimis  illius  fuffragiis  efle  ornatas.  Quanti  hunc  infgnem  in  me 
coilatum  honorem  faciam,  quanta  fit  meain  celeberrimos-viros, 
iumma  benignitate  de  commentariolo  meo  qualicunque  judi- 
cantes,  reverentia,  quantae  denique  grates,  quas  tibi,  vir  cele- 
berrime,  debeam,  non  pofl’um  verbis  fatis  demonftrare.  Per- 
fuafum  itaque  te  habeas,  oro  rogoque,  de  mente  mea  tibi  de- 
vinclifnma  ; quam  ut  quoque,  omni  qua  polleo,  facultate  teller, 
ill.  Reg.  Soc.  fubjunxi  huic  epiflolae  nova  ea  experimenta  chemica, 
quae  ad  penitiorem  acidi  e pinguedine  eruti  cognitionem  valere 
mihi  videbantur ; ea  fpe  fretus,  fore,  ut  hujufee  difquifitionis 
chemicae  partem  pofteriorem  judicans  non  inferiorem  priori, 
humaniflime  illam  offeras  meo  nomine  Sociis  celeberrimis,  in 
fummae  meas  in  illos  reverentiae  docu  men  turn. 

Propofui  ut  noffci,  vir  celeberrime,  modum  iftum,  acidum 
pinguedinis  concentratum  acidi  vitriolic!  ope  obtinendi,  quod 
nimirum,  affufum  fall  fegneriano  ex  hac  partem  acidam 

expellit 
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expellit  forma  vapornm.  Quae  autemne  obnoxia  fit  olrjedtioni. 
qiiod  huic  vitriol!  oleum  fit  admixtum,  ct  ut  cogiiofcerem,  quo- 
lnodo  fe  habeat  lal  medium  noffrum,  igne  uflum,  huic  illud 
tradidi. 

EXP.  LVI. 

1 res  nimirum  flilis  fegnenani  (feu  ex  iioftro,  e pinguedine 
deflillata  eruto  acido,  et  file  alcalino  vegetabili  confiati)  uncias, 
retortae  vitreae  loricatae  inditas,  igni  aperto  per  gradus  audio, 
expofui.  Deflillabat  in  initio  in  excipulum  aquofi  quid  (cry- 
Rallifationis  nimirum  aqua).  Increfccnte  calore,  ita  ut  retorta 
lgniie  mciperet,  protinus  furgebant  vapores  copioflflimi  grifei, 
acidum  forte,  ut  mihi  quidem  videbatur,  praefagientes  : fed 
valibus  frigefadtis,  et  apertis  nihil  fumi  perciniebam,  nec  odo- 
rem  acidi  fuetum  ; fed  potius  ilium  lpiritus  tartari,  cui  flu  id  urn 
quoque  obtentum  (ponderis  drachmarum  xi.)  in  ceteris  quali- 
tatibus,  e.  g.  fapore,  colore  aureo,  fimile  erat ; cum  file  tar- 
tan, parum  effervefeens.  Refiduum  fal  erat  alcalinum,  carbo- 
nacei  modo  quid  continens  ; fed  alcalini  volatilis  ne  veftigiym 
quidem  prodens.  Sicco  jam  praetenbo  pede,  fingularem  acidi 
fortis  (exp.  53.)  vi  ignis  mutationem  in  mite,  quae  etiam  in 
terra  foliata  tartari,  file  acetofellae  et  tartaro  ipfo  obtinet,  et  a 
deftrubtione  quada-m  acidi,  phlogiflo  intime  mixti  pendere  vide- 
tur,  nif  forfm  hoc  acidum  (ut  cl.  priestley  celeberr.  collega 
tuns,  illuflris  iiuntere,  in  clyfli  iiitri  praeparatione  contendit) 
in  aeris  fmgularis  fpeciem  tranfeat. 

Modus  acidum  pinguedinis  fumans  obtinendi  mihi  hue  ufqne 
laboris  et  taedii  plenus  fuerat : peradlis  nimirum  novem  deftilla- 
tionibus  (exp.  1—9*)  et  redlifleatione  (exp.  46.)  acidum  erat 
faturandum  file  alcalino,  quod  evaporandum,  calcinandum, 
iterum  folvendum  et  infpiflandum,  priufquam . vitriol!  oleum, 
purum  ex  eo  acidum  expelleret  (exp.  53.).  Eundem  nunc 
Vo  l.  LX XII.  C finem 
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finem  obtinendi  methodo  in  compendium  redacta,  mihi  in  votis 
erat ; quod,  non  fine  fpe  quadam  fequenti  modo  conficem 
tentabam. 


EXP.  LVII. 

Impofui  vefleae  et  alembico,  cupreis,  ftanno  intus  obduclis, 
febum  depuratum,  leni  igne  fubftrato  nil  nifi  aquam  emit- 
tens,  quam  autem,  illo  adauclo,  fequebatur  fluidum  viri- 
defeens.  At  eodem  tempore  ftannum  variis  in  alembici  locis, 
prtecipue  in  tubo  huic  appofito,  fundebatur  et  in  externam  fu- 
perficiem  penetrabat.  Finita  deftillatione,  in  excipulo  inveni 
acidum  et  oleum,  citra  exfpedtationem  meam,  utrumque  fluidum, 
nec  ut  antea  coagulatum,  quamvis  refiduum  totum  fere  in  car- 
bonem  verfum  eflet.  Hac  quidem  ratione  laborum  compen- 
dium quoddam  repereram,  a repetendis  deftillationibus  et  fufl- 
onibus  abfolutus ; acidum  vero  non  cupro  folum  inquinatum 
erat ; fed  vafa  etiam  ignis  vi  ita  laefa  erant,  ut  nonnifl  magna 
adhibita  opera,  aliis  laboribus  infervire  iterum  poflfent. 

Spreta  itaque  hac  methodo,  votis  non  ex  omni  parte  refpon- 
dente,  alia  occurrit,  periculum  videlicet  inftituendi  cum  folu- 
tione  febi  in  fale  alcalino,  feu  cum  fapone.  Verifimile  enim 
mihi  videbatur,  illud  dum  folveret  adipem,  acidum  prsecipue, 
in  hoc  contentum,  efle  arrepturum : quo  faflo,  fi  oleum  fapo- 
nis  poflet  feparari  a fale  fegneriano,  tunc  flatim  ad  illud  fladium 
procefiTus  pervenirem,  quod  hand  fine  mora,  modo  in  exp.  46. 
eram  aflecutus  : quae  autem  feparatio  facillima  mihi  videbatur, 
quia  fapo  a quovis  acido,  nec  non  falibus  mediis  quibufdam,  in 
partes  dirimitur  : quo  deflruclo  itaque,  oleum  filtro  feparare  a 
fluido  aquofo,  hoc  evaporare,  tunc  addere  vitrioli  acidum,  mens 
mihi  erat.  Ha?c  ponderans,  percepi  faponem  communem  non 
poflfe  adhiberi,  quia  turn  lixivium  ex  cineribus  paratum  varia 

falia 


e pinguetudine  eruti  fpcciantia, 
i.uiii  media  continent,  cum  fal  culm  are  adhibeatur  ad 
c:<  aqua  feparandum,  quod  pro  parte  huic  fe  jungit. 
ita  fpeciem  mihimet  ipii  con  feci. 
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faponem 
Sapon  is 
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Oalcls  vivae  recentis  libram  dimidiam  itaque  beUe  obrui  cum 
lalis  tartari  libra  una,  ct  linteo  leviter  tecta  tam  diu  repofui, 
donee  calx  findi  et  dehilcere  incipiebat.  Tunc  adfudi  aquai 
calidas  libias  fex,  quae  eodtae  in  vale  ferreo  ad  quartas  partis 
confumtronem,  pel  linteum  den  film  tranfcoliu  (quod  aiiteni  lixi~ 
vium  nunc  Ovum  recens  fuflinebat).  Quartam  hujus  partem, 
aqua  tantifper  dilutam  coxi  cum  febi  libra  una,  donee  maxima 
humiditatis  parte evaporata,  quam  optime  inter  fe  coireinciperent. 
Affufa  nunc  lixivii  leliqua  parte  coxi  lemfhmo  igne,  continuata 
agitatione,  ufque  dum  mixtura  pellucida  et  quad  mucilaginofi 
adparebat,  et  frigefa&a  gelatin inftar  concrefcebat,  faponi 
com  muni,  aiitequam  fal  culinare  adjicitur  perfedte  fimilis.  Se* 


parando  nunc  iterum  oleo,  a file  alcanno  nihil  mihi  magis  ido~ 
neum  videbatur,  alumine,  quia  partial  minimi  conflet,  partial 
non  ti  mend  urn  elfet,  lllud  via  liunnda,  quod  ab  acidis  minera- 
libus  expedtare  mihi  fas  fuiffet,  falem  fegnerianUm  effe  deftruc- 
■turum,  quo  facto  acidum  piiigUedinis  in  auram  abiiffet ; alu- 
minis  vero  acidum  tantum  modo  terras  fuae  ipfius  adtionem  in- 
liingentis  deponit*,  quantum  fairs  alcaliin  lrberi  invenit. 
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Gelatin*  itaque  exp.  anteced.  in  aqua  folut*  injeci  alu- 
men  pulverifatum,  quod  eodem  momento  vi  quadam  oleum 
coadtum  in  fuperficiem  urgebat.  Hoc  per  cochlear  c'ribratum 
fublato,  iterum  alumen  adjeci ; atque  eodem  modo  perrexi 
’ufque  dum  pofl  novam  ejus  additionem,  nihil  coadti  fuperficiem 

C 2 


occu* 


i2.  Nova  Experiment  a Che  mica  Acidum 

qccuparet  amplius*.  Fluidum  colatum  (ut  terra  aluminis,  et  par- 
ticulas  quaedam  olei  coacti  fepararentur)  ad  iiccitatem  evaporavi-f. 

e x P.  LX. 

Ut  acidum,  quod  exfpe&abam,  ex  fale  fegtieriano  expellerem, 
alumen,  adhibere  mihi  occurrebat,  ut  eo  certius  acidum  illud  a 
vitriolico  liberum  obtinerem.  Quamobrem  addebam  2.  par- 
tibus  falis  1.  partem  aluminis  ufti,  quas  igni  fortiori  balnei 
arenas  exponebam.  Peracla  deftillatione  in  excipulo  inveni  aci- 
dum fumans,  ejufdem  naturae  ut  illud  exp.  53.  eoque  modo 
iinem  concentrandi  proceffus  obtinuifle  laetus  perfpexi.  Atta- 
men  ilii  acido  animadvert!  odorem  quemdam  fulpliureum  efle 
admixtum;  et  licet  cl.  beaume  (Chym.  exp.  t.  1.  p.  335.) 
affirmet,  parum  acid!  ex  alumine  expelli  vi  ignis  folius ; tamen. 
a vero  propius  abefle  in  hoc  proceflu  mihi  videbatur  partes. 
cleofas,  maliae  no  hr  as  falinas  adhuc  adhaerentes,  feparationem 
acidi  a terra  aluminofa  promovifle.  Qua  re  motus,  potius. 
oleum  vitrioli  adhibere  decrevi,  quia  turn  ignis  gradum  pofeat 
ininorem,  cum  tota  mafia  falina  minor  fiat. 

1 
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Tribus  partibus  maffae  noftras  falinas  j affudi  unam  olei  vi- 

* Reiteratis  periculis  hanc  erui  partium  proportionem.  Libris  x.  gelatine,  in 
aqua  folvenda;,  addantur  fuceeffive  aluminis  unc.  xxn.  (quarum  aqua  cryftallifa- 
tionis  erit  circa  unc.  xt.  terra  aluminofa  oz*  iv.  cum  dimidia).  Mixtio  hteccc,. 
colata,  evaporata,  dat  falis  unc.  xxi.  cum  dimidia,  quod  ex  tartaro  vitriolato, 
fale  fegneriano  et  aluminis  hand  deftrudti  parte  compofitum  eft. 

f Si  fluidum  illud  ad  cryftallifandum  reponere  placet,  adbibito  ftudio,  tartarus 
vitriolatus,  et  fuperfiuum  alumen  quoad  maximam  partem  inde  feparari,  et  quod 
reliquum  eft,  infpiftari  tunc  poteft  : quo  fatto  mafia  falina  valde  imminuitur. 

.t  Optima  proportio  ha*c  eft-:  falis  noftri  (exp.  lix.  not.  *)  f adduntur,  olei 
vitrioli  unc.  iv.  cum  dimidia;  acidum  tranftillatuin  adjicitur  reliqtiae  mafia?  |,  ut 
hoc  inodo  redtifiectur,.  Tunc  habebis  circitcr  unc.  v.  acidi  limpidi  fumantis. 

trioli, 
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trioli,  quod  ftatim  vapores  grifeos  extricabat,  acidum  pingue- 
dinis  redolentes.  Minor  ealdris  grad  us  lufficiebat  omni  expel- 
lendo  acido  : uam  et  maximus  nihil  amplius  educebat  prater 
quafdam  guttas  olei  ex  bruno  rubri  *. 

Ut  cognofcerem,  an  vitrioiico  acido  no  drum  fit  inquinatum, 
partem  ejus  quandam  fuperfudi  foluto  faturni  faccharo,  qua 
metallum  exturbatum  non  iterum  folvebatur  a cl  j eel  o vini  aceto, 
quamvis  illucl  digeftione  et  ipfa  coflione  fedimenti  tentaverim  f. 
Detedlo  itaque  acido  vitrioiico,  feparandum  illud  efie  ab  acido 
noftro  putavi,  fi  nimirum,  novaxmaifre  fall  me  adjeclum,  iterum 
evocaretur  : qua  videlicet  methodo  acidum  vitriolicum  fali  alca- 
lino  mi  bens,  pinguedinis  acidum  exp.elleret  j;. 

* Notatn  dignum  eft,  quod  quavis  via  port  evoca  turn,  acid  him  obtinerem  aliquid . 
falls  ammoniac!  animalis  ficci,  quocl  fcilicet  in  aqua  folutum  i'enfum  frigoris  exci- 
tabat,  cum  calce  viva  tritum  odorem  fpargebat  alcali  volatifis,  etcum  acido  vitrioli, 
ilium  acidi  pinguedinis.  Quod  vero  fal  alcalinuno  volatile,  cum  non  incite  videba- 
tur  adipi,  ut  lateret  in  fale  tartari  (cf.  cl.  wiegi.eb.  de  falibus  alcalinis)  vel  ut 
hoc,  ope  olei,  volatile  fit  redditum  (de  quo  autem  dubito)  necefle  eft. 

t Cl.  retzius  in  Act.  Acad.  Stockh.  t.  32.  p.  216.  contendit,  certum  hoc  efie 
indicium  abfentis  acidi  vitrioli,  ft  fedimentum  ex  faturni  faccharo  foluto  per  ad- 
jedturn  acidum  ortum,  refolveretur  addito  nitri  acido;  fed  contrarium  expertus 
fum.  Adjedtis  enim  drachmae  1.  acidi  noftri,  guttis  olei  vitrioli  quatuor,  fedi- 
mentum quidem  in  faturni  faccharo  foluto  oriebatur ; non  ftatim  folvendum  per 
nitri  fpiritum,  fed  decantato  a fedimento  fluido,  et  adjedta  nova  nitrofi  acido  por- 
tione,  hoc  utique  difparebat.  Quod,  ft  vero  eodem  menftruo  plumbum  praecipi- 
tabatur,  hoc  per  unc.  iv.  acetlvini  nullo  modo  rurfus  diflblvere  valebam,  quam- 
vis drachm,  v — vi.  fufficerent  difiolvendo  fedimento,  abfque  guttis  iv.  acidi- 
vkriolici  exorto. 

t ffac  methodo  in  uium  vocata,  etiam  uti  licet  cineribus  clavellatis  ad  confi- 
cieudum  faponem  noftrum  ; nam  redtificando  acidum  noftrum  fuper  nova  malice 
filing  quantitate,  quodlibet  acidum  mincrale  illo  pinguedinis  admixtum,  in  ilia 
mafia  remanet. 
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EXP.  LXII. 

Acidi  itaque  noftri  unc.  Iv.  novae  mafias  falinae  unc.  i.  adjedtas 
leni  igni  expolui ; quo  fadlo  in  excipulum  tranftillabat  acidum 
fumans,  coloris  limpidi,  quod  faturni  faccharo  foluto  admix* 
turn  fedimentum  quidem  producebat*  ad  refolvendum  adjeclo 
vini  aceto. 


EXP.  LXIII. 

Concentrati  acidi  noftri  vim  in  meta-ila  experiundi  nunc  ani- 
mus erat ; illudque  applicandi  auro,  quamvis  fpei  haud  mul* 
turn  rationes  theoretics  injicerent,  fore  ut  folveretur*  Auri  ita- 
que,  ferri  vitriolo  praecipitati,  granis  iv.  affudi  acidi  unc.  i.  quod 
leni  calore  digeftum  limpidum  colorem  in  aureum  mutaverat ; 
magna  licet  metalli  quantitate  in  fundo  adhuc  remanente;  cu- 
ius vero  coloris  rationem  peregrino  cuidam,  auro  forte  adhae- 
renti,  potius  tribuens ; idem  cum  hujus  foliolis  periclitatus 
fum ; led  pari  eventu.  Quam  itaque  folutionem  apparentem 
ut  promoverem  majore  calore  adhibito,  acidum  cum  foliolis 
retorts  parvae  indidi  aliamque  implevi  cum  eodem  acido  atque 
granis  iv.  platinae^  et  ex  utraque  fluidum,  coquendo,  evocavi, 
quod  rurfus  refiduis  affudi  et  digeffi-.  Color  in  utroque  fluido 
aureus  erat,  metallorum  majori  quantitate  licet  in  fundo  rema- 
nente. Phaenomeni  haud  exfpe&ati  novitate  perculfus,  atque 
de  aliis  metallis  folvendis  cogitans,  foliola  argenti  noftro  acido 
immifi ; qus  vero,  cum  difcerpercntur,  fluidumque  aureum 
'Colorem  indueret,  non  potui,  quin  ex  hoc  colore,  folutioni 
argenti  minime  convenienti  in  earn  inciderem  opinionem,  ilium 
* lolo  ipfo  acido  pendere. 
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EXP.  LXIV LXXIV. 

TJnam  ltaque  acidi  limpidi  nnciam  coquendo  deftiflavi  ad  di- 

midiam  ; quo  facto  refiduum  aureo  confpicuum  crat  colore* 

finita  vero  deftillatioue,  fluidum  in  excipulo  tranfparens  erat,’ 

m.  retort*  fundo  vero  ammadvertebam  circulos  brunos  concen- 

tncos.  Huidum  ex  excipulo  infundebam  novae  retort*  nurre, 

iterumque  deftillabam  ad  ficcitatcm,  remanente  pari  materia: 

bam*  quantitate.  Eandem  operationem  repetii  odties  eodem 

modo;  et  ultima  vice  eandem,  quam  prima,  repperi  refidui 

quantitatetn  ; quod  vero  perfefte  ficcatum,  in  aqua  plane  non 

et  m iplo  ejus  acido,  modo  difficulter  folvebatur ; quin  nitrofo 

acido,  nifi  calore  adjuto,  hand  cederet.  Acidum  noftrum  fu- 

mandi  vim  amittebat ; ejus  vero  acredo  minime  quavis  deftilla- 

tione  fie  decrefcebat,  ut  differentia  lenfibus  percipi  poflbt;  quae 

autem  fatis  confpicua  erat,  li  quod  prima  vice  deftillaverat, 

cum  fluido  quart*  deftillationis,  vel  h*cce  cum  oftava  com  pal 
reretur. 

. Notatu  c%num  utique  eft,  quod  hoc  acidum  diftillando,  Vel 
digerendo  colorem  fuum  mutet,  et  quod  antea  totum  volatile 
erat,  nunc  fedimentum  dimittat,  et  acredinis  vim  perdat,  ita 
ut  a vero  propius  abefte  videatur,  quod  pertinaciori  adhibita 
opera  tandem  penitus  deftruatur : qua  itaque  ratione  medium 
effe  noftrum  acidum  cenfendum  eft  inter  acida  mineralia,  ace- 
tumque,  eaque  acida,  quae,  ut  tartarus  et  acetofellas  fal,  fine 
integra  virium  jadtura  plane  tranftillari  ncqueunt. 

Conviftus  hifee  rationibus  de  fallaci  auri  in  acido  foluti  au- 
gurio  ex  colore  aureo ; alia  inftitui  bac  de  re  experimenta. 
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E X V.  XX>lv. 

Anri  puri  brackolam,  ct  pi  at  in  ae  gram;  la  qua- cl  am  in  vafis 
bene  occlufis  per  6.  bebdomadas  caiori  fornacis  expofui : flui* 
cl  unique  tunc  decantavi,  ut  adje£lo  fale  tartari  viderem,  an  pars 
quaedam  ex  illo  praxipitaretur  quod  quidem  minime  eve- 
•mebat.  Ex  hac  vero  mixtione  caiori  iterum  expolita,  pulvis 
defeendebat,  qui,  fiuido  decantato,  aqua  edulcoratus  et  liccatus 
nlbi  coloris  erat-f*  Qure  quidem  terras  lpecies  hoc  modo  non 
folum  non  effervelcebat : fed  etiam  digeilione  adhibita  difficil- 
lime  folvebatur ; alia  et  contraria  rations  intermifla  nimirum 
liccatione  fe  habebat ; cui  folutioni,  an  quid  metallici  infit,  ut 
explorarem,  tincturam  fulphuris  volatilem  beguini  (metallorum 
optimum  proditorem)  adjeci ; fed  prascipitatum  fulphur  ejui- 
dem  erat  coloris,  ut  cum  puro  acido  faclu m. 

Hilce  obfervationibus  ir.  duct  us  pulverem  ilium  terrain  me  ram 
effe  opinor,  quam  acidnm  noftrum  fecum  attollebat,  quaeque 
terrarum  alcalinarum  communium  qualitatibus  baud  induta, 
ob  volatilem  naturam  ad  illam  flu  oris  mineralis  pertinere  vide- 
tur;  quod  vero  aflertum  experiments  probare,  parca  fedimenti 
quantitas  vetuit. 

* Minim  forian  poltet  videri,  quare  folutionem  ftanni  in  nqCta  regia  non  ndje- 
ciflem  : negare  quoqne  non  poflum,  me  ab  ilia  in  periculo  quodam  adhibita,  riibri 
coloris  veftigium  obfervafle  : led  abeadem  ftatim  abftinui,  cam  ealu  viderem,  fluida 
fupernatantia  precipitationibus  (e  folutionibus  phlmbi  ftanni,  reguli  antimonii, 
bifmuthi  et  niercnrii  per  acidum  noftrum  faftis)  confufa,  invicem,  novum  prebere 
ledimenturr,  rubello  colore  confpicuum,  ciijus  caufa,  ut  infra  patebit,  in  ltanno 
latere  videtur. 

f Idem  fere  phenomenon  ob'fervaVi,  mifcehdo  ct  digerendo  folutionem  alcali- 
uam,  cum  pinguedinis  acido,  quod  cum  argento  et  bifmutho  antea  digefleram. 


EXP. 
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E X P.  LXXVI. 

Aun  nunc  calcis  per  fal  tartari  paratae  gr.  vm.  cum  acidi 
noflri  unc.  dimidia  per  mentis  fpatium  digefleram,  cujus  tamen 
magna  adhuc  pars  in  fundo  vafis  remanebat.  Fluido  colato  ad- 
didi  tindturam  fulphuris  volatilem,  quo  facto  mixtum  colorem 
e coeruieo  grifeum  adeptum  erat.  Subfidentia  fadta,  colatoque 
tunc  fluido,  refiduum  in  filtro  ficcatum  e nigro  flavum  erat, 
auri  foluti  praefentiam  fic  demonftrans  ; quod  autem  luculen- 
tius  adhuc  apparebat,  evaporata  parte  quadam  illius  folutionis, 
e qua  tunc  cryftalli  e flavo  brunae,  figure  incertae  prodibant. 

EXP.  LXXVI  i. 

Difficultatem  folvendi  auri  vincere  cogitabam  addendo  alia 
acida.  Pari  itaque  aureae  calcis  portioni,  affundebam  acidi  pin- 
guedinis  guttas  40.  quibus  in  uno  vafe  addebam  guttas  20. 
acidi  nitrofi  puri,  in  altero  tantundem  fpiritus  falis.  In  priori 
vafe  ftatim  fere  confpiciebam  bullulas  aereas  fefe  extricantes, 
atque  folutionis  initium  indicantes : pofterius  nullam  muta- 
tionem  patiebatur.  Utrumque  poftea  leni  calore  fovi ; fed  licet 
folutio  in  priori  increfceret ; tamen  in  pofteriori  nullum  ejus 
apparebat  veftigium.  Utriufque  fluidi  guttas  8.  infundebam 
in  duas  ltanni  foluti  atque  diluti  portiones,  quarum  prior  purpu- 
ram  flatim  dimittebat,  polferior,  mutato  haud  colore  turbidum 
modo  aliquatenus  evadebat. 

exp.  LXXVIII. 

\ 

Quo  ex  periculo  cum  fpem  haurirem,  fore  ut  aurum  metal- 
licum  ipfum  folverem,  ejus  brafteolae  fuperfudi  guttas  80.  acidi 
pinguedinis,  et  guttas  20.  acidi  nitrofi  puri.  Eodem  fere  mo- 
men  to  tota  ejus  fuperficies  bullulis  aereis  te&a,  placidaque  erat 
Vol.  LXXII.  D 
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illius  folutio;  additis  vero  adhuc  acidi  nitroii  guttis  20. ; hecce 
magis,  magifque  increfcebat,  donee,  calore  adjuta,  totam  brac- 
teolam  confumeret.  Quod  quidem  phenomenon  argumentum 
efie  peteft  diferiminis,  acidum  noftrum  inter  et  iilud  falis  inter- 
cedentis : certo  enim  certius  effe  videtur,  duas  partes  acidi  falis 
fumantis,  et  unam  aquefortis,  aurum  non  pofl'e  dilfolvere  ; im- 
primis li  digefHo  non  adhibeatur  : quam  ob  rem  itaque  pingue- 
dinis  acidum  fuo  jure  inter  efficaciora  acida  locum  fibi  vindicare 
videtur. 

F.  x P.  LXXIX. 

* *.  r 

( 1 ' « * ( ; ' * k f 

Platine  ealeem  ex  aqua  regis  per  tartari  fal  precipitatam, 
eodem'modo  (exp.  76.)  tradlavi,  cujus  folutio  colata  cum  be- 
guini  tindlura  fedimentum  deponebat  obfeurioris  coloris,  quod 
in  filtro  colleclum,  ficcatum  ex  flavo  brunum  erat.  Solutionis 
altera  pars  evaporata  in  cryftallos  oblongas  ex  flavo  brunas  con- 
crefcebat ; quarum  copia  ilia,  ex  auro  obtentas  multum  fu- 
perabat.- 

, . i r ,f  ' V 

EXP.  LXXX. 

* • 1 ’ . , • 1.  1 m 

— If’  V i . | 

Argent!  folipla  ab  acido  quidem  noftro  corrofa,  parum  tamen 
folvebantur ; pauce  interim  ejus  particule  cupro  immiflo  ad- 
haerebant ; et  falis  acidum  affufum,  aliqualem  fed  vix  confpi- 
cuam  precipitationem  producebat.  Argent!  vero  calx  conti- 
tuiata  digeftione  folvebatur,  ex  quo,  adjedla  tin&ura  beguini, 
metallum  fulphuri  adherens  fundum  petebat,  quod  in  filtro 
collegium,  et  ficcatum  nigrefeebat.  Solutio  evaporata  in  cry- 
ftallos  coibat,  albo  colore  (ut  argentum  nitratum)  haud  confpi- 
cuas ; id  quod  acido  longa  digeftione  obfeuriorem  colorem  in- 
duenti  tribno,  oleum  vitrioli  (minime  vero  falis  fpiritus)  folu- 
lutioni  admixtum.,  iedimenti  quid  procreate. 

E X P. 
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EXP.  LXXXI. 

/ .1*  t v \ j 1 9 » ■ t . I,*  ty  /*:.  I £ ♦ 

In  me  1 cui  mm  nodrum  quidem  acidum  haud  agere  videbatur  ; 
led  hoc  ab  illo  altera  vice  abdrahendo,  obfervavi,  metallum  in 
pauco  fluido  reliduo,  mobilitatem  fuam  folitumque  fplendorem 
perdidiffe,  et  in  madam  quali  cylindraceam,  circumagendo 
vitrum,  coire.  Quae  quidem  omnia  fluido  tranftillato  iterum 
altufo  adhuc  perdabant ; admoto  vero  digedionis  calore  rurfus 
evanefcebant.  Podquam  omne  acidum  ad  ficcitatem  abdradum 
eiat,  luperficiei  retortae  majorem  partem  velut  amalgamate 
obdudam  deprehendi,  quod  non  a mercurii  globulis,  fed  a foli- 
diS  quali  argenteis  pendere  videbatur,  quae  parti  abdradce  ite- 
rum aftufae  pro  tempore  innatabant,  tandem  vero  fublidentes, 
lolvebantur ; id  quod  plus  una  vice  obfervavi ; colata  folutio 
cupream  laminam  dealbabat ; fed  ilia  ab  adjedo  fale  communi 
non  turbabatur;  mixtum  vero  hoc  fluidum,  colatum,  cupro 
adhuc  argenteum  induebat  colorem. 

exp.  lxxxii.  . 

Facilius  adhuc  calx  (a  mercurio  fublimato  cum  tartari  fale 
remixto,  exorta)  ab  acido  nodro  fufcipiebatur  abfque  caloris 
adjumento.  Quod  vero  mixtum  (exp.  8r.  motus)  dedillare 
decrevi  in  arenas  balneo,  cujus  fub  initium  fluldi  aliquid  tranfi- 
bat,  podea  vero  paululum  adaudo  calore,  pars  quaedam  fubli- 
mata  alba  collo  retortas  adhaerebat.  Haec  autem  nova  mercuri* 
fublimati  fpecies,  aquae  deinde  immifla,  difficilius,  adhibita 
etiam  digedione,  folvebatur,  et  adjedo  fale  tartari  fedimentum 
album  deponebaL  Cum  beguini  tindura  commixta  datim  in 
fubdantiam  nigram,  paulo  pod  in  cinnabarim  mutabatur; 
cupro  attrita,  exade  licet  licca,  albam  ei  inducebat  fuperficiem  ; 

( id  quod  mercurius  quoquc  fublimatus  communis  praedat).  Nof- 

F>  2 trum 
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trum  itaque  acidum,  excepto  falis  acido,  folum  omnium  eft 
quod  fublimatum  liccum  cum  mercurio  facit,  atque  (quod  ftn- 
gulare  utique  eft)  leniori  adhuc  caloris  gradu,  furgit.  Arena 
enim  inferius  circumdata  retorta  incumbebat,  receptaculo  ex 
tenui  ferri  lamina  confedto,  atque  lateribus  codlis  fuperpolito : 
quo  modo  ignis  vis  et  oh  deficientem  craticulam,  et  ob  parvum 
foci,  fpatium  magna  baud  eftfe  poterat. 

exp.  Lxxxrir. 

Cuprum  abique  praevia  digeftione  folvebatur,  tefte  viridl 
fluidi  colore ; quae  vero  adhibita,  illud  promovebat.  Evapo* 
rando  quidem  cryftalli  apparebant,  in  aere  autem  mox  delique- 
fcentes. 

EXP.  LXXXIV. 

Ferri  facilis  folutio  faporis  erat  adftringentia-;  in  cryftallos 
coibat  aciculares,  humiditatem  atmofphaericam  vix  attrahentes. 

e x p;  LXXXV. 

Plumbum  difficilius  folvitur,  et  potius  rrrodo  corroditiir, 
minium  vero  acidum  facile  fubit,  quod  jam,  ante  plenariam 
folutionem,  rubrum  colorem  exuit;  albo  tunc  pulveri  fimile* 
In  folutionis  (quae  afale  culinari  haud  mutatur)  faturatae  fuper- 
fieie  oriuntur  cryftalli  ad  2/,v  fere  longae,  pugiunculi  forma 
praeditae,  tandem  delidentes  ; quarum  fapor  dulcis  quid  habet. 

E X P.  LXXXVI. 

Regulus  antimonii,  abftrahendo  acidum  ab  illo,  folvitur:  ft 
vero  fluidum  in  excipulo  ilfi  in  retorta  adhuc  refiduo,  afFundi- 
tur,  ladeum  alfumit  colorem,  nec  pelluciditatem  nift  adhibita 
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digeftione  recuperat.  Evaporata  folutio  in  cryftallos  abit,  in 
aere  baud  deliquefcentes. 

exp.  Exxxvrr. 

- # 

Solutio  zinci  facili  negotio  peragitur,  quae  fingulari  fipore 
metallico  praedita  eft,  et  adjeeto  falc  tartari  fed  i meat  urn  aibl(m 
deponit,  quod  flamm*  admotum  (ut  zinci  florcs)  flavum  evadit. 

EXP.  LXX'XVIII. 

Stanni  Malaccenfis  raliira  ab  acido  noftro  in  pulverem  flave- 
fcentem  corrodcbatur  ; et  majori  qnidem  adhuc  vehementia  li 
calori  exponeretur,  fie  ut  hujus  unc.  dimidia  deftruendis  ilhus 
icrup.  n.  lufficeret.  Odor  cx  mixtura  furgens  maxime  ingra- 
tus,  et  illi  fere  flmilis  erat,  quern  fails  acidum  cum  zinco  edit. 
Mu  id  tun  paucum  fupernatans  turbidum  erat,  quod  Omni  Audio 
decantatum  charts  bibute  l'uperfudi ; led  baud  mutatum  tra.ifi- 
bat:  quin  chartam  lftam  duplicatam,  imfflo  quadruplicatam 
penetraret;  haud  minus,  quam  antea  turbulentum.  Aliquo 
tempore  poft  pulvis  fubfdebat  flavefcens,  atque  ei  fupernatans, 
fluidum  pelluciclum  colore  pulchre  rofeo  fplendebat ; quod  de- 
cantare  fruftra  tentabam ; fimulac  enim  vitrum  folum  modo 
tangebam,  fumma  imis  mifcebantur ; et  fluid um  chartam  bi- 
bulam,  eadein  fub  ipecie  turbida  penetrabat;.  poftea  iterum 
fubfidens.  Cui  vero  color!  rubro  fedimentum  rubellum  (exu 
75-  «.  *)  tribuendum  videtur.  11 

Hanc  corrofam  calcem  ftanneam  digerebam  aqua  dcftiliat:,, 
quae  colata  dem  atque  evaporata  relinquebat  fal  album  facile  de- 
Iiq-uelcens : quod  ft  vero  eidem  calci  affunderem  novam  acidi 
eopiam,  ut  eandem  ex  toto  in  fluidum  rofeum  liquerem,  ilia 
quidem  mox  colore  ifto  ornata,  fed  fedimenti  quantiras  haud 
imminuta  erat;  quas  nunc  calori  expofita,  illud  non  folum  non 
folvebat,  led  et  gratum  colorem  cum  flavo  commutabat. 

7 
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EXP.  LXXXIX. 

Bifmuthum,  per  longum  quidem  temporis  fpatium  cum 
acido  licet  digeftum,  non  folvebatur ; contrarium  vero  eve- 
niebat  adhibita  calce  (quam  ex  folutione  illius  cum  nitrofo  acido 
multa  aqua  diluto  fada)  dejecerat  admixtum  fal  alcalinum.  Quae 
vero  folutio  ab  aqua  adjeda  ladefcebat ; et  fedimentum  album 
dimittebat ; ab  acidis  vero  vitrioli  et  (alis  mutationem  nullam 
experiebatur. 

EXP.  XC. 

Cobalti  ex  fmalta  redudus  regulus,  eodem  ut  bifmuthum 
modo  digeftus,  eadem  pertinacia.  acido  refifte'bat : calx  vero,  ex 
nitrato  cobalto  per  tartari  fal  defidens,  eidem  facile  cedebat*. 
Cujus  folutionis  drach.  tribus  cum  unam  nitri  adjicerem,  et 
deftillationem  inftituerem,  hac  ad  medium  perduda  vapores 
percepi  fiavos,  verfus  illius  finem  rubros  (exp.  1 1 7 ) . Par- 
tem falis  jam  cryflallifati  et  viridis  diftinde  obfervabam  dealbari 
a vaporibus  nitrofis ; quod  deinde  folutum  in  aqua,  fpeciem 
conftituebat  atramenti  lie  didi  fympathetici,  ex  flavo  viride- 
feentis. 

EXP.  xci. 

In  regulum  niccoli  (repetita  faepius,  etiam  adjedo  carbonum 
pulvere,  toftione,  eique  interpofita  fufione  cum  nitro,  calce,  et 
boraceparatam)  nulla  fere  erat  acidi  noftri  etiam  cum  illo  digefti 
adio.  Adjedum  ei  fal  tartari  nihil  deturbabat,  quum  e con- 

* Hxcce  folutio,  calori  expofita,  partem  aliquam  dimittit,  qux-  pofiea  non 
iterum  fufeipitur;  id  quod  in  aliis  folutionibus  e.  g.  niccoli  et  bifmuthi,  qnoqtie  ' 
obfervavi. 


ti*a  no 


e finguet udine  eruti  fpecfantia,  2j 

trano  tin&ura  beguini,  parvam  metalli  quantitatem  fulphuri 
imitam  dejiciebat.  Calx  e niccolo  nitrato  per  alcalinum  falem 
praecipitata  abfque  digeftione  diflblvebatur  ab  acido  noftro,  cujus 

color  evadebat  viridefcens,  et  adjeftis  acidis  vitrloli  et  nitri  nihil 
dimittebat. 

exp.  xcir. 

Arfemcum  album  magna  cum  diffieultate,  digeftione  licet 
adhibita,  lolvebatur  fic,  ut  ejus  fcrupulus  unus  ab  acidi  uncia 
dimidia  vix  fufciperetur.  Caloris  ope  autem  banc fubibat  major 
lllius  copia,  quam  eo  abfente  fuftentari  poterat ; quo  fafluai  ut 
tunc  parvae  cryftalli  fundum  peterent.  Si  noftraefolutioni  im 
mittebatur  cuprum,  iliud  nihil  dejiciebat,  fed  potius  pro  parte 
ab  acido  fufcipiebatur.  Parte  aquofa  fenfun  evaporante,  fal 
apparebat  e viridi  ccerukum ; fub  finem  vero  aliud  faturate  vi- 
nue;  luculento  argumento,  prius  efle  compofitum  ex  arfenici 
acido  et  cupro  ; alteram  ex  noftro  acore,  eodemque  metallo. 

Altera  pars  folutionis  adjefto  fale  alcalino  nihil  dimittebat ; ea 
quoque  pars,  cujusfluidum  in  auras  abierat,  adjeflo  oleo  tartan 
per  deliquium  ex  integro  folvebatur ; quod  vero  non  ita  multo 
poll  fedimentum  deponebat,  nova  falis  tartari  portione  non  aufe- 
rendum  ; idque  fal  neutrum  arfenicale  fuilie,  parca  aqua;  quan- 
titate baud  folvenditm  cenfeo. 

exp.  xcnr. 

Magnefii  mineram  Hfeldenfem  digerebam  cum  noftro  acido, 
quod  illam  in  initio  corrodebat,  pulveremque  nigrum  a cryftal- 
liformi  minera  feparabat;  deinceps  vero  illam  in  parca  baud 
quantitate  l'olvebat.  Quod  cum  aliis  metallis  digeftum  acidurn 
colorem  brunum  induebat,  cum  magnelio  nullam  patiebatur 
mutationem ; et  odorem  fpargebat  ad  ilium  folutionis  ftanneae 


acce- 
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accedentem  ; faporis  erat  metallici.  Addita  aqua  illam  turbidam 
paululum  reddebat.  Vitriolicum  acidum  vero  nihil  dejiciebat 
(indicio,  terram  calcaream  miners  haud  inefle)  cum  fale  fixo 
alcalino  mixtum ; fedimentum  copiofum  dimittebat,  quod  fta- 
tim  novo  adje&o  acido  iterum  dilparebat ; fi  vero  converfa  via 
fal  alcalinum  fedimento  majori  adhuc  copia  fuperfunditur,  illud 
diffolvit ; adje&o  vero  tunc  acido,  e.  g.  falis,  metallicam  par- 
tem iterum  deponit.  Tindlura  beguini  acidae  noftrae  folutioni 
admixta  colorem  prae  fe  ferebat  rubellum,  et  quae  copioliffime 
dimittebat,  dccata,  ejufdem  adhuc  erant  colons. 

Abfoiutis  nunc  eis,  quae  de  adtione  acidi  noflri  in  mctalla 
dicenda  erant,  fuperefl  adhuc,  ut  videamus,  quam  rationem 
habeat  idem  acidum  metallicis  folutionibus  adje&um. 


V meet  pi  tat  tones  tnetallorum , in  aliis  acidis  folutorum , per  acidi 

pinguedinis  admixtionem  exortce* 

exp.  xciv. 

Aurum.  Hujus  metalli  folutionem  in  aqua  regis  (quam 
vitro,  in  quo  medicamenta  fluida  aftervari  folent,  infuderam) 
aeri  libero  expofueram,  ex  qua  hac  ratione  tandem  pulchrae 
crydalli  flavae  exortae  erant,  quae  figurae  falis  communis  appro- 
pinquantes,  ex  fuperimpofitis  lamellis  angulatis  conftabant,  in 
aere  vero  per  plures  hebdomadas  detents  haud  diffiuebant  *. 
Quas  quidem  cryitallos  in  aqua  folvebam  deftillata  limplici, 
quae,  adje&o  noftro  acido,  fedimentum  flavum  dimittebant. 
Decantato  fluido,  illud  lavabam  nova  aquae  quantitate,  qua 
defufa,  cum  alia  ejufdem  deftillatae  portione  adje&o,  fedimen- 

* Aliquo  tempore  poft  inveniebam  hafee  cryftallos  motum  velut  inteflinum 
alias,  voluniine  adje£to  in  farinolain  vel  flocculentam  fubftantiam  rautatas. 


turn 


« 


. c pmguctudine.  e/uii  fpeclaniia.  *5 

turn  per  pi  arcs  dies  digeffi,  colayi,  evaporavi,  atque  hoc  mo  do 

obtinui  reliduum,  aquam  ex  aere  attraheus. 

^ ^ ^ 4 ^ * •»  o . 
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EXP.  XCV.  . 

Til  ' -pi  /-  . V ^ ' 

1 Latina,  i^x  ejus  lolutione  m aqua  regis  acidum  noftrum 
dejiciebat  pulverem  fere  aurantium,  qui,  edulcoratus,  mu  It  a 
«aqua  fuperfufus,  digeftus,  colato  atque  evaparato  fluido,  refi- 
duutn  exhibebat  e grifeo  flavidum,  quod  in  aere  auro  minus 
diffluebat. 


• » /* 
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fc  x p.  ‘ XGVr.-  •>  • > /t  x 

Argentum . Quod  acidum  pinguedinis  ex  argento  nitrato  prse- 
cipitabat  *,  coloris  erat  grifei  paululum  in  ru helium  vergentis  ; 
et,  edulcoratione  praegrefla  cum  aqua  digerebatur.  Cu jus  parti 
uni  addebam  guttas  aliquot  acidi  vitriolici,  a-  quo  imperfedte 
oriebatur  praecipitatio : altera,  evaporata,  relinquebat  refiduum 
aquam  valde  attrahens argentum  vitriolatum  ftatim  adje&o 
acido  fedimentum  album  dimittebat ; luna  vero  cornua  cum 
acido  digelda  hand  mutata  videbatur. 

? ' %T'  , 1 r>  Iff* 
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EXP.  XCVII. 

Mercurius.  Acidum  noftrum  album  producebat  fedimentum 
ex  mercurio  nitrato  f.  Sed  (quod  notatu  quam  maxime  dig- 
num  mihi  videtur)  idem  ex  fublimato  aliquid  exturbabat  J : 
afiufo  enim  illo,  mixtio  paulo  poft  ladlea  evadebat ; pulverem 

* Promptior  adhuc  erat  pnscipitatio  per  fal  ammoniacum  animale. 

“t  Hicquoque  magis  adhuc  priecipitabatur  adje&o  fale  ammoniaco  animali. 
t Mercurius,  acido  falis  optime  nitptus,  addito  acido  vitriolico  minime  mutatur  j 
atque  fi  aquze,  fale  felenitico  foeta?,  fublimatum  folventes,  aliquid  flavi  deponant, 
(cf.  cl.  beaume  Chym.  t.  II.  p.  43+.)  quod  et  ipfe  vidi,  tribuendum  mihi  hoc 
videtur  affinitati  duplici,  quum  nimirum  acidum  falis  terrain  calcarcam  quoque 
anaet,  eamque  ob  rationem  metallum  vitriolico  acido  cedat, 

Vol.  LXXII.  E deb 
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dein  album  deponens ; quod  eo  citlus  evenit,  fi  mixtum  dige- 
ritur.  Fallor;  aut  hoc  fedimentum  album  ex  fublimato  corro- 
fivo  hac  ratione  ortum  criterii  inftar  effe  poteft  ad  diftinguendum 
acidum  noftrum  ab  aliis,  praecipue  veroa  muriatico.  Illud  vero 
fedimentum  ablutum,  digeftum,  in  aqua  folvebatur,  eique  im- 
milium  cuprum  albefcebat ; eadem  quoque  folutio-  evaporata 
relTduum  dabat  album,  in  aere  non  liquefcens. 

if  • r . 

EXP.  XCVIII. 

Plumbum . Quae  c faturno  nitrato  defcendebant  cryflalli 

parvae  aciculae  formam  gerentes,  edulcoratae,  aqua  digeftae  faci- 
lius  folvebantur  ; acidoque  tunc  vitriolico  admixto  fedimentum 
dimittebant.  Diffipata  illius  folutionis  humiditate  fuperfles 
erat  pul  vis  aquampaxum  attrahens. 

4 " ' ' ' *-*'■-  . ■ i *h.  . 
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e.  x p.  xcrx. 

* 

Bifmuthum . Nitrofum  acidum,  metallo  ope  digeftionis  fol- 
vendo  deftinatum,  tanta  aquae  copia  dilutum  erat,  ut,  folutione 
pera&a,,  nova  illi  admixta  aqua  nihil  praecipitaret.  Simulac 
vero  acidi  noftri  guttae  aliquot  accedebant,  pulverem  album  deji- 
ciebant,  qui  ablutus,  cum  aqua  digeftus,  folutione  colata,  eva- 
porata, reliduum  album  progignebat  facillime  liquefcens. 

e x p.  C. 

Regulus  antlmonu.  Saturataejus  in  aqua  regis  folutio,  addita 
aqua  deftillata,  turbida  evadebat ; quam  colatam,  nova  adje&a 
aqua  non  amplius  mutabat : ab  affufo  vero  n oft ro  acido,  ftatim 
oriebatur  fedimentum  album,  ex  quo  aqua  extrahebat  partem 
fluido  diffipato  confpicuam,  quae,  humiditatem  iterum  attra- 
hens, in  cryftallos  parvas  tenues  coibat. 


7 
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EXP.  Cl. 


Stannum.  In  aqua  regis  folutum  metallum  dejiciebatur  ab 
acido  noftro,  et  colorem  induebat  ex  flavo  brunum.  Pracipita- 

tum  ablutum,  et  cum  aqua  digeftum  fal  progignebat  albidtim 
facillime  liquefcens  *. 

V'  • i . , JV.  .iSiViK 

EXP.  cil. 


Cuprum,  Hoc  neque  exvitrioli  coeruleo, 
per  pinguedinem  praecipitabatur. 


nec  ex  cupro 

O -t 


nitrato 


exp.  cm. 

Ferrum , nec  mtratum,  nec  vitriolatum,  cum  acido  noftro 
mixta  fedimentum  dimittebant. 

■'  Kll>-  ••••  * ;•  , suio • j sJiqn&g 

EXP.  CIV.  r 

£incum,  nec  mtratum,  nec  vitriolatum  mutabantur  ab  acido 
noftro  adjetto. 

"i  ■ - -~a  itadlnqmct 

exp.  cv. 

Cobalti  regulus,  nitratus  ab  acido  pinguediais  affufo  nullam 
perturbationem  paflus  eft. 


•<u:  oi  xc pa 
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EXP.  CVI. 

E ntccolt  regulo  nec  nitrato,  nec  falito  acidum  noftrum  ali- 
quid  extricare  valebat. 

**  , * 1 -J  i'i.iC  .i  J ) c**'*  • 

EXP.  CVII. 

Arfemctim  nitratum,  acido  noftro  admixtum,  nullum  fedi* 
mentum  deponebat. 

* H*c  ab  acido  noftro  natales  ducunt  prxeipitata*  nil  cfle  vkfentur  quam 

falia  mctallica  in  aqua  folutu  difficilia. 
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EXP.*  CVIII. 


Magnefuim  nitratum  liullam  converfionem  expert  um  eft  a 
noftri  acidi  admixtione. 
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Acidorum  diver  forum  actio  in  fal  fegnerianum* . 

.no  .t  x s 

n Quod  vfdeJSxum,  agid-um,  noftrum  acorem  ex  Tale  hoc  medio 

^ • X?  II  k _ ' i ■ T 

expellat ; jam  fupra  protuli.  , ■ 


r , r .iq  iiismnsLr  ofiiq  ‘jsq 

EXP.  . CIX. 

j * » ' « i /.  -i 

Ntrofam acidum.  Duabus  • falls  ;ioftri  drachmis  aftudo  tan- 
tundem  aqu;e  fortis,  ut  vocant,  flypliejs  -(quam  peracla  ejus 
praecipitatione  deftillaveram)  nulla  effervefeentia  fenfibili  inde 
oriente*  Quod  peradta  xkftillatione  excipulo  inerat  fluidum, 
i&poris  acidi  noftfi  proprii  erat,  fed  octari  admix  turn  aliquid 
aquae  fortis.  Decompofitum  vero  fuifle  fal  noftrum,  ejufquo 
acidum  expulfum,  demonftrat  praecipitatio  celerrima  e faturno 

nitrato,  per  fluidum  illud,  quod  deftillando  obtinueram. 

CH',.  rr‘  o ifi.ll  ' r*  f \ - ■'  , 

* De  ftgura  hujus  falis  monenda  q.ujedam  adhuc  mi.hr  fuperfunt.  Qvjod  ad  ter- 
ram  foliatam  accedat  (Exp.  nov.  p.  2.)  aflerui,  Segnerum  fecutus,  fed  cum  ilhid' 
majori  in  copia  paravifiem,  et  maflam  falinaua  perferutarem,  inveni  illam  crufta 
fir.ma  fuperius  tedam,  qua  vero  ablata,  huic  adhierebant  multae  cryftalli,  tres  ut 
plurimum  lineas  longx,  pugionis  quadranguiaris  forma  confpicux,  quarum  duo 
Iatera  oppoftta  ceteris  anguftiora  erant.  Si  falis  alcaiini  quantitas  aimia  hand 
adjeda  eft,  et  cryftalli  ficcantur  fuper  cliarta  bibula  ; illx  in  aere  baud  diffluunt : 
qua  ratione,  ut  et  cvyftallorum  ' forma,  a'  terra  foli'ata  tartari,  mirum,  quantum 
differunt.  Segnerus  vero  in  hanc  opinionem  ex  eo  dedudus  videtur,  quod  falis 
medii  parcam  modo  quantitatem  pararet,  quapropter  latentes  fub  crufta  falina 
cryftallos,  ob  fpatii  et  materia*  defedum,  obfervare  haud  poflet.  Forfan  nec  aci- 
dum ejus  ab  oleofis  particulis  fatis  liberum  ; nec  ad  faturationem  aliud  fal  alcali- 
num,  quam  cineres  clavellati,  adhibitum  erat. 


EXP, 


t pingueiudine  eruti  JfeBantia. 
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EXP.  CX. 

v ' C n "1  Y * r 

Mur.iatkum  aeidum, . iEqu&le  noftri  falis  medii  et  acidi  mu- 
riatic! pondus  commifcebam : quae  deftillata,  exhibebant  acidi 
pmgueduns  dracbm.  n.  propno  odoie  praeditas,  et  c fublimato 
corroiivo  pulverem  album  praecipitantes. 

EXP.  CXI. 

Aceti  vini  option  drachm,  vi.  fuperfudi  fails  noftri  drachm. 
II,  quod  ex  hifce  deftillando  obtinui  fluidum  odoris  erat  aceti,  et, 
fublimato  corroftvo  admixtum,  illud  inta&um  relinquebat. 
Cum  in  majorem  rei  explanationem  ref  duo  in  retorta  adjicerem 
falis  fpiritum,  et  deftillarem,  aeidum,  adipis  it  prodebat  jam 
odore,  et  praecipitatione  mercurii  fublimati. 

E x P.-  CXI i. 

■ Fluorts  acidtm  pari  pondere  noftro  fall  admixtum  celernme 
in  illud  penefrabat,  ut  ftccum  videretur.  Quod  nonnift  magno 
caloris  gradu  adhibito  prodibat  ftuidum,  fluons  aeidum  baud 
mutatum  erat : quod  etiam  faturno  nitrato  aftuium  ejus  pellu- 
ciditatem  (ut  ei  moris  eft")  non  tollebat ; hac  ratione  quam 
maxime  abhorrens  ab  acido  pinguedinis. 

exp.  •Cxrn. 

Phofphori  fal.  Hujus  in  aqua  foluti  nnc.  dimidiam  addebam 
falis  medii  noftridrachm.  u.  Sub  initium  deftillationis  fluidi  quid 
tranftbat,  quod  vero  nil  nif  aqua  erat.  Qua  ex  excipulo  eva- 
cuata,  ignem  adaugebam  f quo  adhuc  aliquid  ex  mafl’a  extor- 
quebam,  quod  vero  nee  aeidum  erat,  nec  faturni  faccharum 
decomponebat. 

* Cf.  cl.  scHEELEin  Comment.  Stockh.  vol.  XXXIII. 

f Idem  erat  hujus  gradus,  qui  ad  fublimandum  fal  ammoniacum  anrmale  requi- 
rltur,  et  majorem  adhuc  adhibere  dubitabam,  cum  fol  noftrum  folo  igne  vehemen- 
tiori  jam  decomponatur. 
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exp.  cxiv. 

Arfenici  albl  et  falls  noftri  paullifper  fiavidi  parem  quantitatem 
in  pulverem  album  comminuebam,  quorum  adionem  in  fe 
reciprocam  ut  promoverem,  adjiciebam  aquae  deftillatae  drachm, 
ii.  quae  omnia  leni  calore  digerebam.  Elapfa  vix  horae  una 
quarta,  pars  quaedam  pulveris  nigrefcebat,  et  parieti  in  forma 
annuli  nigri  * fortiter  adhaerebat,  retiqua  maft'a  falina  ab  illo 
feparata  erat.  Deftillando  (eodem,  ut  in  exp.  praecedenti,  ig* 
nis  gradu)  parum  fiuidi  obtinui,  quod  nec  fapidum  erat,  nec 
plumbum  ex  ejus  faccharo  praecipitabat.  In  colio  retortae  parum 
fublimati,  ejufque  tenuis  reperi. 

EXP.  CXV. 

Cobaltum  nitratum.  Salis  noftri  drachm,  unam  immifi  folu- 
tionis  cobalti  nitratae  unc.  dimidiae,  et  fluidum  penitus  evocavi. 
Sal  exliccatum  in  retorta  viridi  gaudebat  colore,  quod  frige- 
fadum  hunc  commutabat  cum  albo : illud  folvebam  in  aqua 
deftillata,  quse  nunc  exhibebat  novam  atramenti  fympathetici 
ipeciem,  .cobaltino  commum  haud  abfinulem,  in  luteum  niodo 
mngis  vergentem  colorem. 

e x p.  cxvi. 

Salts  ammomari  animal/s  (ex  acido  pinguedinis  et  alcali  volar 
tili  compofiti)  drachm,  ii.  commifcebam  cum  lapidis  lie  did! 
haematitae  granis  xv.  quae  igni  expolita  fublimatum  exhibebant ; 
quod  vero,  perada  operatione  lmmutatum  efle  fal  ammomacum, 
reperiebam,  relido  in  fundo  haematite.  Eadem  iteium  mif- 

* Nil  hoc  mthi  videtur,  nifi  fubita  redu&io  quxdam  arfenici  albi  in  regulum, 
dcflillatione  quoque  perada  nigrum  adhuc  erat  et  durum  ; quod  abraium,  dete- 
gebat  maflam  albam,  nonnihil  firmam.  A vero  proprius  mihi  efle  videtur,  reduo- 
tionwn  hanc  ortam  effe  phlogifto,  fali  fiavido  inhxrente. 

cebam, 


e pinguetudine  eruti  fp  eel  anti  a.  31 

cebam,  addendo  aquae  aliquid  in  meliorem  utriufque  combin  ac- 
tionem : fed  tamen  eadem  eveniebant  omnia. 

Aftio  acidi  pinguedinis  in  /alia  media . 

v ‘ ■ * V • I « 

EXP.  CXVII.. 

Nitrum . Hujus  exa&e  depurati  drachmis  II.  fuperfudi  acidi 
noftri  tantundem,  quod  illud  cum  aliqua  vehementia  folvebat. 
Retorta  vix  arenae  calidae  immifla,  flavida  jam  a vaporibus  eva- 
dere  mihi  videbatur : qui  color  Temper  faturatior  fiebat,  donee 
eundem  ruborem  acquireret,  qui  adhibito  vitriolico  acido  con- 
ipicitur.  Fluidum  in  excipulo' odore  acido,  nitrofo  communi, 
praeditum  erat,  cui  etiam  aliquid  acidi  pinguedinis  admixtum 
nam  argentum  purum  non  folito  ab  aqua  forti  more  iolvebatur  ; 
potius  crufta  tegebatur  fatis  crafifa,  colore  dilute  hepatico  con- 
fpicua*. 

e x p.  cxvnr.. 

Sal  muriaticum.  Hujus  drachm.  11.  folvebam  in  acidi  noftri 
pari  pondere.  Deftillatione  ad  finem  tendente,  diffindte  obler- 
vabam  vapores  grifeos  odor  fluidi  in  excipulo  contenti,  erat 
acidi  muriatici fed  ut  hoc  cum  certitudine  quadam  conftaret, 
et  an  acidum,  pinguedinis  admixtum  fit,  exploraretur,  res  haud 
parum  perplexa  erat,  cum  utrumque  magnam  inter  fe  alat 
fimilitudinem.  Cui  vero  fini  refpondere  ftannum  poflTe  judi- 
cabam  ; eamque  ob  caufiam  mifeebam,  1..  aquae  fortis  guttas 
80  cum  guttis  40  fpiritus  fail's ; 2.  eandem  aquae  fortis  et  lpiri- 
tus  falls  copiam  (ut  1.)  cum  acidi  pinguedinis  guttis  40  ; 3.. 
aquae  fortis  guttas  80  cum  acidi  pinguedinis  guttis  40.  Unicuique 
harum  mixtionum  deflinabam  flanni  malaccenfis  ferup.  11.  etin 
quodvis  vitrum,  a quavis  flanni  portione,  tenuiffima  fila  non 
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prius  immittebarn,  quam  olim  injedba,  abfque  caloris  atmfioi 

• • . 

plane  difparuiffent:  Quaevis  enim  mixtiones  in  metaiium  ager 

bant:  N.  i.  maxime,  N.  3.  minus,  N.  2.  minhrne : cum  vero 
N.  1.  folvendo  ulterius  ftanno  impar  eflet,  grana  hujus  7.  ad- 
huc  fupererant : folutio  erat  pellucida,  et  ablque  ullo  fedi- 
mento.  N.  2.  maxime*  turbklurn  erat,  coloris  e grifeo  flavidi ; 
fedimento  copiofo  nigrefcente  refertum ; ftanhi  refidui  pondus 
-erat  gran.  xvn.  N.  3.  exhihebat  folutionem  pellucidam,  cum 
parvo  in  brunum  vergente  fedimento ; ftanni  granis  9 adbuc 
fuperflitibus.  Hifce  periculis  peractis,  quae  regular  mftar  eile 
debere  mihi  animus'  erat,  admifcebam  guttis  So  fluidi  ex  deflil- 
latione  obtenti  guttas  160  ejufdem  aquae  fortis.  In  qua  mix- 
tione  diflolvebam  peditentim  (iildem  phsenoinenis  apparentibus, 
ut  in  N.  1.)  ftanni  fila,  donee  drachma  1.  confumta  effet ; fed 
fedimenti  nigri  quid  in  fundo  haerebat.  Quibus  ponderatis, 
concludendum  mihi  efle  videtur,  quod  fluidum  in  excipulo 
repertum  acidum  fuerit  muriaticum ; id  quod  praeprimis  ex 
vaporibus  grifeis,  et  ex  magna  ftaiini  copia,  quae  abfque  magna 
fedimenti  copia  folvebatur,  colligo,  pinguedinis  vero  acidum 
haud  admixtum  fuiffe  ; ea  ex  ratione  cenfeo,  quia  folutio  clanf, 
nec  fedimentum  brunum  erat ; nigrum  vero  illud  ex  eo  ortum 
fuiffe  judico,  quod  falls  fpiritum  (concentratiorem,  quam  opi- 
nabar)  non  diluerem  nitroli  acidi  quantitate  fufficiente. 


exp.  cxix. 


Terra  tartari  foliata.  Huic  addebam  aequale  pondus  acidi 
noftri,  cum  qua  paululum  effervefeebat ; pera&aque  tunc  deftil- 
latione  acetum  excipulo  ineffe  prodebat  odor,  nec  non  deficiens 
in  fublimatum  corrofivum  a&io. 
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EXP.  CXX. 

Sal  mirabile  Glauberi.  Quamvis  baud  expectari  poffe  videba- 
tur  acidum  noftruin  expulfurum  eifle  vitriol icum,  tamen  expe- 
rientiam  confului.  Utroque  sequali  pondere  mixto  et  deftillato, 
inveniebam  in  excipuio  fluidum,  quod  practer  odorem  acidi 
noftri,  fulphureum  quoque  admixtum  habebat.  Quamobrem 
illud  affudi  folutioni  plumbi  in  acido  noftro  fadtas,  quae  fedi- 
menti  albi  quid  dimittebat ; indicio,  parvam  acidi  vitriolic! 
quantitatem  divulfain  efle  a fale  alcalino  ; quod  phlogifto  acido 
adhuc  adhaerenti  tribuo,  quo  nimirum  vitriolic!  acidi  pars  vola- 
tilior  reddita  videtur. 

exp.  cxxr. 

‘Tartarus  tartarifatus  in  aqua  folutus,  adjedlo  acido  fedimenti 
magni  copiam  dimittebat,  quod  fluido  decantato,  veri  cremoris 
qualitates  demonftrabat. 

Liceat  hifce  experimentis  quaedam  addere  de  fimilitudine  et 
cognatione  acidi  noftri  et  muriatici.  Utrumque  cnm  alcali  vola- 
tili  conftituit  fal  ammoniacum  ftccum,  et  cum  magnefia  alba, 
fal  valde  diftluens  ; utrumque  argentum  et  mercurium  e men* 
ftruis  praecipitat ; ab  utroque  foluto  regulo  antimonii,  adjecta 
aqua  turbatur,  et  metallicam  partem  deponit.  Eandem  cogna- 
tionem  hoc  quoque  indicare  videtur,  quod  acidum  muriaticum 
folutionis  argenti  et  mcrcurii  in  acido  noftro  non  prrecipitet. 
Sed  magna  etiam  inter  utrumque  intercedit  differentia : noftri 
nimirum  acidi  intima  combinatio  cum  oleolis  partibus  ; fal  calca- 
reum  haud  diffiuens  ; naphthae  facilis  genefis ; argenti  et  mer- 
curii  folutio  via  fimplici  humida ; et  hujus  prascipitatio  ex  fubli- 
mato  corrofivo. 
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His  inter  fe  comparatis,  charadteres  cognationis  utriufque 
acidi,  quam  illi  diferiminis,  potiores  mihi  omnino  efle  videntur. 

Haec  funt,  illuftris  et  celeberrime  hunt  ere,  pericula,  quae 
cum  acido  pinguedinis  hucufque  inftitui,  omnia.  Minime  me 
fugit,  materiam  hanc  nondum  efle  exhauftam ; multaque  ad- 
liuc  efle  fupplenda,  quae  intimiori  noftri  acidi  cognitioni  favent ; 
imprimis  explorandos  efle  affinitatis  gradus,  quos  metalla  con- 
trahunt  cum  acido  noftro.  Quibus  vero  omnibus  exantlandis 
minime  deero,  fl  modo  cognovero,  labores  meos  huic  rei  im- 
penfos  plane  baud  difplicuifle  eruditis,  imprimis  illuftriflimae 
Regiae  Societati,  cujus  aliquem  in  me  favorem  quam  maxime 
cupio.  Interim  vale,  vir  celeberrime ; meque  tibi  ut  habeas 
commendatiflimum,  majorem  in  modum  oro  rogoque.  Dabam 
Helmftadii  Idibus  Decembr.  1780. 
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III.  Obfervatlons  cn  the  Bills  of  Mortality  at  York.  By  Wil- 
liam White,  M.  D.  F.  A.  S.  ; communicated  by  Nathaniel 
Pigott,  Efq . F . S* 


Read  December  6,  1781. 

F FAITHFUL  and  accurate  regiAers  of  the  number  of 
births  and  deaths  kept  in  different  places  are  of  great  im- 
portance to  the  community.  The  Aatefman,  the  philofopher, 
and  the  phyfician,  are  equally  intereAed  in  inquiries  which  in- 
fallibly fhew  us  the  real  Rate  of  the  nation,  as  to  population, 
healthfulnefs,  and,  as  connected  with  the  latter,  virtue  and 
temperance. 

It  muff  give  great  pleafure  to  a reflecting  mind,  to  find,  from 
undeniable  proofs,  that  this  nation  appears  to  be,  in  the  above 
refpeCts,  in  a general  and  progreflive  Rate  of  improvement. 
The  births  have  become  more  numerous,  the  deaths  fewer,  in 
proportion  in  almofl  every  place  where  the  regiAers  have  been 
confulted  : for  proof  of  this  I refer  to  the  TranfaCtions  of  the 
Royal  Society,  vol.  LVII.  LIX.  LXI.  LXIV.  LXV.  &c.  and 
to  a publication  of  Mr.  wales,  f.  r.  s.  intituled,  An  Inquiry 
into  the  prefent  State  of  Population  in  England  and  Wales, 
lately  publifhed. 

It  would  not  perhaps  be  difficult,  and  as  a phyfician  I could 
with  pleafure  attempt  the  inveAigation,  to  difcover  the  various 
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caufes  to  which  fuch  effefb  may  be  attributed  ; but  here  a wide 
field  offers  itfelf  to  our  examination.  It  will,  however,  be  ne- 
ceffary  juft  to  point  out  fuch  as  affeft  this  city  in  particular,  in 
a fubfequent  part  of  this  paper. 

Mr.  drake,  f.  r.  s.  in  his  Antiquities  of  York,  has  given 
us  the  number  of' births  and  burials  for  7 years,  from  Auguft 
5,  172S  to  Auguft  5,  1735,  inclufve.  This  gave  a favourable 
opportunity  of  comparing  our  prefent  ftate  after  an  elapfe  of 
45  years.  In  order  to  this,  the  different  parifh  regifters  were 
carefully  examined  from  January  1,  1770,  to  December  31, 
1776,  inclufive  : I added  the  number  of  males  and  females  for 
the  latter  term,  which  Mr.  drake  omitted. 
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table  i.  The  number  of  births  and  burials  in  York  from 


Auguft  5,  1728, 

to  Auguft 

5>  1735* 

The  different  parifhes. 

Births. 

Burials. 

All  Saints,  Pavement,. 

- 

I23 

2 I 8 

All  Saints,  North-ftreet, 

■*  - 

IOI 

I I I 

St.  Crux, 

m - 

I32 

1 59 

St.  Cuthbert’s,. 

— 

55 

80 

St.  Dyonis, 

-- 

92 

106 

St.  Helen’s, 

• - 

' H3 

122 

St;  John’s, 

- 

136 

l73 

St.  Laurence,, 

60 

77 

Martin’s,  Conyngs-ftreet, 

- 

73 

1 10 

Michael  le  Bel  fray. 

mm  - 

310 

327 

St.  Mary’s,  Caftle-gate, 

l5° 

22  r 

St.  Michael,  Spurrier- gate, 

- 

198 

21 6 

St.  Martin’s,  Mickle-gate, 

- 

92 

1 1 7 

Bifhophill  the  elder, 

mm  mm—  _ 

103 

n 7 

Bifhophill  the  younger. 

- 

57 

75 

St.  Maurice, 

— 

55' 

i58 

St.  Margaret’s 

— ■ 

1 18 

1 47 

St.  Olave’s, 

- 

M7 

18 1 

St.  Saviour’s,, 

- 

7° 

Ic3 

St.  Sampfon’s, 

mm 

188' 

228 

Chrift  Church, 

- 

140 

119 

Trinity,  Goodramgate, 

— 

M3 

i’44 

Trinity,  Mickle-gate, 

mm 

1 29 

i52' 

Diffenters, 

— 

1 8 

29 

•-  — — ■ 

2803 

3488 

The  burials,  therefore,  exceeded  the  births  685  in  7 years, 
©198  annually. 
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table  II.  The  number  of  births  and  burials  from  January  i, 


a® 


1770,  to  December 

31,  1776,  incluhve. 

The  different  parishes. 

Births. 

Burials. 

All  Saints,  Pavement, 

240 

*53 

All  Saints,  North -ftreet, 

96 

88 

St.  Crux, 

146 

109 

St.  Cuthbert’s, 

- 102 

126 

St.  Dyonis, 

IO9 

96 

St.  Helen’s, 

- 96 

76 

St.  John’s 

183 

1 24 

St.  Laurence, 

97 

83 

Martin’s,  Conyng-flreet, 

- 104 

74 

Michael  le  Belfray, 

297 

298 

St.  Mary’s,  Caflle-gate, 

159 

210 

St.  Michael’s,  Spurrier-gate. 

151 

1 13 

Martin’s,  Mickle-gate, 

82 

98 

Bifhophill  the  elder. 

124 

151 

Bifhophill  the  younger. 

121 

92 

St.  Maurice, 

76 

138 

St.  Margaret’s,  * 

- 182 

1 42 

St.  Olave’s, 

234 

296 

St.  Saviour’s, 

96 

108 

Sampfon’s, 

174 

co 

Oh  rift  Church, 

147 

1 10 

Trinity,  Goodram-gate, 

161 

1 1 8 

T rinity,  Mickle-gate, 

122 

164 

Diffenters, 

- 24 

24 

3323 

3r75 

Decreafed  in  burials  313,  or  44I  annually. 
Births  increafed  520,  or  74  J ditto. 

Births  exceed  the  burials  148,  or  21 1 , ditto. 
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tabi^e  hi.  The  number  of  births  and  burials,  with  the  pro- 
portion of  males  and  females,  annually,  from  January  i, 
1770,  to  December  31,  1776. 


Births. 

Males. 

Females. 

Burials. 

Males. 

Female?. 

1770 

467 

237 

230 

4^7 

203 

214, 

1771 

451 

225 

226 

4S5 

225 

260 

1772 

490 

238 

252 

508 

220 

28S 

1 773 

474 

244 

232 

499 

241 

258 

1 774 

453 

214 

239 

382 

'7  3 

209 

1 7 75 

490 

255 

243 

488 

237 

25* 

1 7 76 

498 

255 

243 

396 

*77 

219 

3323 

1666 

1657 

3 1 75 

1476 

1699 

Number  of  males  bom  in  7 years  1666,  or  238  annually. 
Number  of  males  buried  in  7 years  1476,  or  21  o£.  annually. 
Number  of  females  born  in  7 years  1657,  or  2364.  annually. 
Number  of  females  buried  in  7 years  1 699,  or  242  J annually. 


table  iv.  Mortality  of  the  feafons. 


Winter. 

Spring. 

Summer. 

Autumn. 

Jan.  320 

Apr.  277 

July  220 

Oct.  237 

Feb.  282 

May  265 

Aug.  237 

Nov.  230 

Mar.  316 

June  274 

Sept.  225 

Dec.  292 

00 
1 ^ 

816 

CO 

\o 

759 

In  order  to  find  the  number  of  inhabitants  in  any  place, 
where,  either  from  its  bulk,  or  other  reafons,  a numerical  fur- 
vey  cannot  be  obtained,  two  methods  may  be  made  ufe  of. 
The  firft  is,  multiplying  the  number  of  houfes  by  the  medium. 
o.f  inhabitants  in  each.  The  fecond  is,  one  recommended  by 
Monf.  mohean,  in  a work,  intituled,  Recherche s et  Confidera - 
4 . tions; 
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tions  fur  la  Population  de  la  France.  He  found,  by  very  labo- 
rious calculations,  that  the  number  of  inhabitants  may  be 
known  by  the  births,  the  latter  being  to  the  former  as  nearly 
i to  27. 

Bv  an  account  given  into  the  Houfe  of  Commons  in  March 
1781,  the  number  of  houfes  in  York  fubjecd  to  the  new  houfe- 
tax  was  2285  : if  to  thofe  be  added  fuch  as  were  too  fmall  to 
come  under  the  tax,  which  may  probably  amount  to  one-third 
more,  the  total  of  the  houfes  in  York  will  be  about  3000. 
This  number  multiplied  by  4I,  which  is  nearly  the  medium  of 
people  in  a houfe,  gives  12,750  for  the  number  of  inhabitants. 

By  thefecond  rule  we  have  12,798  for  the  number  of  inha- 
tants,  which  is  the  refult  of  474,  the  average  annual  births, 
multiplied  by  27. 

The  remarkable  coincidence  of  the  above  methods  of  calcu- 
lation makes  it  very  probable,  that  if  we  eftimate  the  number 
of  inhabitants  at  12,800,  we '(ball  not  be  far  from  the  truth. 

However  this  may  be  as  to  the  exafl  number  of  inhabitants, 
it  affects  not  the  principal  end  of  the  prefent  inquiry,  which 
is  to  fhew  how  we  are  improved  in  population  and  healthfulnefs 
within  40  years  pad:. 

In  order  to  prove  this,  we  mud  'find  the  number  of  inhabi- 
tants in  the  year  1735,  from  tab.  1.  We  there  find  the  ave- 
rage annual  births  to  be  400  ; this  multiplied  by  27  gives 
10,800  for  the  number  at  that  time.  This  number  divided 
■by  the  average  annual  deaths  498,  gives  the  proportion  of 
deaths  1 in  21 5.  Such  was  the  date  of  this  city  as  to  morta- 
lity 46  years  ago. 

Very  different  from  this  is  our  prefent  fituation,  the  propor- 
tion of  deaths  being  now  decreafed  to  1 in  28^,  which  is  the 
quotient  of  12,800,  the  number  of  inhabitants  divided  by  453, 
‘ • 2 the 
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the  prefent  average  of  annual  deaths.  This  is  certainly  a great 
rife  in  the  fcale  of  healthiness-.  From  being  near  as  fatal  as 
London  we  have  become  lefs  fo  than  many  country  places,  as 
will  appear  from  the  following  comparative  view  of  the  propoi> 
tion  of  deaths  in  different  places. 


Vienpa, 

1 

in 

1 9 1 dies  eyery  year 

London, 

t 

in 

20f 

Edinburgh, 

1 

in 

20*. 

* 

-Berlin, 

1 

in 

21 

Rome, 

1 

in 

22 

' 

Amfterdam, 

1 

in 

9.  9 

l)  1 • 17  4 

Dublin, 

1 

in 

2 2 

Leeds, 

1 

in 

22 

Northampton, 

1 

in 

26 

Shrewsbury, 

in 

26 

J • • . JL  . > 4 * . 

Liverpool, 

1 

in 

2 7 * 

^ / TO 

Manchefter, 

1 

in 

28 

York, 

1 

in 

2$i  t 

Hence  in  1735,  at  York  it  would  requ  ire  215  years  to  burv 
a number  equal  to  that  of  its  inhabitants ; but  in  1 776,  28^ 
years  would  be  required  for  the  fame.  One  third  lefs  die  yearly 
now  than  in  the  former  period  ; and  we  are  certainly  advancing 
kill  higher,  for  in  1 777  the  births  were  more  than  in  any  for- 
mer year,  being  516,  the  burials  464. 

As  there  is  no  fettled  manufactory  here,  there  is  little  increafe 
or  decreafe  of  the  people  by  acquifition  or  emigration,  and  pro- 
bably what  may  happen  in  either  cafe  is  nearly  balanced  by  the 
-other. 

It  appears  from  tab.  4.  that  the  fummer  feafon  is  by  much 
the  healthiefl  at  York;  autumn  the  next;  then  the  fpring  ; 
winter  being  by  far  the  mofl  fatal.  Dr.  percival  found  much 
Von.  LXXIh  G the 
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the  fame  to  be  the  cafe  at  Manchefter.  At  Chefter  Dr.  hay- 
garth  fays  November  was  the  moft  fickly  month.  The  dif- 
ferences in  the  regifters  make  it  impoflible  to  give  the  difeafes 
of  which  the  individuals  died  ; yet  a general  idea  of  this  may 
be  obtained  from  the  fame  table.  By  the  care  and  attention 
of  the  prefent  archbifhop  of  this  province,  this  may  be  eafily 
perfected  in  future  periods. 

It  appears  from  hence,  that  our  difeafes  are  chiefly  of  the 
inflammatory  kind,  which  phyflcians  know  to  be  the  general 
attendants  of  the  winter  and  fpring  months.  The  diforders  of 
the  fummer  and  autumn  are  more  particularly  fuch  as  arife 
from  putrefcency  and  acrimony,  iuch  as  flow  and  remitting 
fevers,  dyfenteries,  cholera’s,  and  the  like,  thofe  then  being, 
with  us  the  healthieft  feafons  fhew  that  we  are  not  fubjeCt  to 
putrid  difeafes.  Dr.  wintringham  has  given  us  an  account 
of  the  weather  and  the  correfponding  difeafes  at  York  for  fix- 
teen  years  fucceflively,  in  his  Commentarium  Nofologicum,  to 
which  learned  work  I refer  the  curious  reader  for  further  fatis- 
faCtion  upon  this  fubjeCt. 

Among  the  general  caufes  of  our  increafing  population  and 
healthinefs  we  may  enumerate  the  introduction  of  inoculation, 
which  has  been  the  means  of  faving  a number  of  lives ; im- 
provements in  the  treatment  and  cure  of  feveral  diforders,  the 
cool  regimen  in  fevers,  the  admiflion  of  frefh  air,  the  general 
ufe  of  antifeptic  medicines  and  diet,  have  doubtlefs  had  a falu- 
fary  and  extenfive  influence  upon  the  health  of  mankind,  and 
have  much  obviated  the  malignity  of  fome  of  our  moft  dan- 
gerous difeafes.  To  thefe  may  be  added  a general  improve- 
ment and  greater  attention  to  nature  in  the  management  of 
infants. 


After 
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After  tlie  general  caufes  of  healthinefs,  fuch  as  are  particu- 
lar, or  of  a more  local  nature,  come  under  confideration.  In 
this  refpeCt  the  city  of  York  has  been  much  improved  within 
a few  years  paid.  The  ft  reefs  have  been  widened  in  many  places, 
by  taking  down  a number  of  old  houfes  built  in  fuch  a man- 
ner as  almoft  to  meet  in  the  upper  ftories,  by  which  the  fun 
and  air  were  almoft  excluded  in  the  ftreets  and  inferior  apart- 
ments. They  have  alfo  been  new  paved,  additional  drains 
made,  and,  by  the  prefent  method  of  conducting  the  rain  from 
the  houfes,  are  become  much  drier  and  cleaner  than  formerly. 
The  erection  of  the  locks,  about  four  miles  below  the  city,  has 
been  a great  advantage  to  it : for,  before  this,  the  river  was 
frequently  very  low,  leaving  quantities  of  fludge  and  dirt  in 
the  very  heart  of  the  city,  alio  the  filth  of  the  common  fewers 
which  it  was  unable  to  wafh  away.  The  lock  has  effectually 
prevented  this  for  the  future,  by  the  river  being  kept  always 
high,  broad,  and  fpacious ; and  has  thus  contributed  to  the 
falubrity  as  well  as  beauty  of  York.  In  the  above  improve- 
ments, in  others  that  are  intended  to  take  place,  in  the  care 
and  expence  neceffary  to  keep  in  proper  repair  the  public  walks 
about  the  city,  the  magiftrates  have  exerted  much  public  fpirit, 
and  have  added  to  the  health  as  well  as  confulted  the  conve- 
nience of  its  inhabitants. 

York, 

Sept.  8,  1781. 
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IV,  Account  of  a mcnfrous  Birth.  In  a Letter  from  John 
Torlefe,  Efq.  Chief  of  Alljingo,  to  the  Hon.  William 
Hornbey,  Governor  of  Bombay  ; communicated  by  Dr . Lind, 
F.  R.  8. 


Read  January  7,  1782. 


IT  on.  si  R, 


Anj  forgo, 
April  5,  1780.- 


AS  I know  you  are  curious  with  refpeCt  to  the  productions 
of  nature,  I have  taken  the  liberty  to  inclofe  you  a 
drawing  of  a child  which  a Nair  woman  was  delivered  of  the 
28th  of  March  at  midnight,  and  which  lived  till  the  ift  of 
April  in  the  morning.  In  the  afternoon  I went  to  fee  it  in 
company  with  Mr.  hutchenson  and  Dr.  croziek.  You  will 
fee  by  the  (ketch  that  it  had  but  one  body,  at  the  extremity 
whereof  were  two  heads,  one  larger  than  the  other.  It  had 
four  hands  and  arms  perfect,  two  legs  on  one  fide  its  body, 
and  one  on  the  other,  which  began  on  the  middle  of  its  back, 
and  appeared  by  nature  intended  for  two  by  its  (ize  and  from 
the  appearance  of  the  foot,  which  looked  as  if  two  had  been 
fqueezed  or  rather  mafhed  together.  It  had  but  one  navel  and 
one  anus,  but  two  genitals  of  the  female.  It  was  fed  during 
z;  its 
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Mr.  torlese’s  Account  of  a monfrous  Birth.  qe 
Its  fhort  exiflence  by  hand  with  goat’s  milk.  It  is  remarkable, 
that  one  head  would  deep  whilft  the  other  was  awake  ; or  one 
would  cry,  and  the  other  not.  They  both  died  at  the  fame 
inflan  t.  Aimed:  all  this  town  went  to- fee  it,  the  like  haviny 
never  been  heard  of  before.  The  mother  is  a flout  woman  ; 
and  I faw  four  of  her  children  at  her  houfe,  the  youngefl  of 
which  was  fix  years  old,  all  healthy  and  perfect.. 

I am,  &c. 
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V.  Experiments  with  Chinefe  Hemp  Seed.  In  a Letter  from 
Keane  Fitzgerald,  Ffq.  to  Sir.  Jofeph  Banks,  Bait.  F.R.  S. 


Read  January  17,  1782. 


s 1 it, 


Poland  Street, 
Dec.  17 y ^ / 6 2^ 


EVERY  thing  extraordinary  in  art  or  nature  falls,  in  fome 
meafure,  within  the  views  of  the  Royal  Society ; hut 
how  far  the  following  account  of  what  appeared  to  me  an  ex- 
traordinary produ&ion  may  be  worthy  of  being  communicated 
to  that  learned  body,  is  fuhmitted  entirely  to  your  confideration. 

A few  grains  of  Chinefe  hemp-feed  had  been  given  to  me  by 
the  late  Mr.  Elliot,  brother  to  General  elliot,  who  had 
formerly  refided  for  fome  time  in  China.  He  told  me,  the 
hemp  in  that  country  was  deemed  fuperiorto  that  of  any  other, 
both  for  finenefs  and  flrength,  and  wilhed  I would  try  whe- 
ther it  would  come  to  maturity  in  this  kingdom.  He  gave  me 
between  thirty  and  forty  grains  of  feed  for  the  purpofe,  which 
1 laid  by,  as  1 thought,  carefully,  with  intent  of  lowing  them 
the  Spring  following,  which  is  the  ufual  time  of  lowing  hemp 
in  this  country ; but  1 had  unluckily  forgotten  where  I laid 
them,  and  did  not  find  them  till  the  beginning  of  laft  June, 
by  which  time  I imagined  them  to  be  very  unfit  for  vegetation; 
hut  -s  | concluded  they  would  be  Hill  rnoic  fo  by  keeping 
.>  rrn  till  the  fucceeding  April,  I had  them  fowed  the  4th  d,.y  of 
I month,  and  was  much  furprifed  to  find  that  thirty-two 


«■  y.  t 
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of  the  feeds  had  vegetated  Arongly,  and  grown  to  an  amazing 
fize,  feveral  of  the  plants  meafuring  in  height  more  than  four- 
teen feet,  and  feven  inches  nearly  in  circumference,  by  the  mid- 
dle of  O&ober  following,  at  which  time  they  came  into  bloom. 
There  were  from  thirty  to  forty  lateral  branches  on  a plant ; 
thefe  were  fet  off  in  pairs,  one  on  each  fide  of  the  ftem  point- 
ing horizontally ; the  others  at  about  five  or  fix  inches  diftance 
from  them,  pointing  in  different  directions,  and  fo  on  to  the 
top,  the  bottom  branches  of  fome  meafuring  more  than  five 
feet,  the  others  decreafing  gradually  in  length  towards  the  top, 
fo  as  to  form  a beautiful  cone  when  in  flower,  which  were 
unluckily  nipped  by  a few  nights  froft  that  happened  to  be 
pretty  fharp  towards  the  end  of  the  month  ; and  the  plants 
began  to  droop  at  the  beginning  of  November  at  which  time  I 
had  them  pulled  up  by  the  roots. 

As  1 was  but  little  acquainted  either  with  the  cultivation  of 
the  feed,  or  preparing  the  plants  afterwards  for  the  production  of 
hemp,  and  as  thefe  plants  were  very  different  in  their  fize  from 
any  I had  ever  feen,  the  belt  method  that  occurred  to  me  was, 
that  of  fteeping  them  in  water,  where  I let  them  remain  for  a 
fortnight,  and  then  placed  them  in  an  upright  pofition  againft 
a fouth  wall  to  dry  and  bleach. 

On  trying  whether  the  hemp  could  be  eafily  feparated  from 
the  woody  part,  I was  agreeably  furprifed  to  find,  that  on 
peeling  a few  inches  longitudinally  from  the  root,  the  whole 
rind,  from  the  bottom  to  the  top,  not  only  of  the  Item  but  alfo 
of  all  the  lateral  branches,  ftripped  off  cleanly,  without 
breaking  any  one  of  them.  The  toughnefs  of  the-  hemp 
feemed  to  be  extraordinary,  and  upon  drying  and  beating  divides 
into  an  infinity  of  tough  fibres.  The  plants  when  dripped  are 
quite  white,  and  when  the  lateral  branches  are  cut  off,  appear 

5 ' 
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like  handfome  young  poles.  They  are  perforated  in  the  mid- 
dle, but  the  perforation  is  not  larger  than  that  of  a goofe  quill, 
in  a ftem  of  more  than  two  inches  diameter.  The  woody  part 
deems  pretty  fubdantial,  and  if  they  fliould  be  found  of  any 
duration,  might  be  applied  to  many  ul'eful  purpofes  ; or  if  not, 
I lhouid  imagine  they  would  produce  plenty  of  good  allies  by 
burning. 

The  rough  hemp  that  has  been  pealed  from  the  thirty-two 
plants,  when  thoroughly  dried,  weighed  three  pounds  and  a 
quarter  ; but  1 do  not  think  it  had  come  to  full  maturity, 
though  i can  hardly  doubt  but  the  plants  would  have  come  to 
perfection  if  the  feed  had  been  fowm  in  the  proper  feafon.  The 
bummer  was  remarkably  dry,  notwithdanding  which,  although 
the  fituation  they  were  placed  in  was  very  warm,  and  the 
ground  not  rich,  1 found,  on  meafuring  the  plants  at  dif- 
ferent times,  that  they  had  grown  nearly  eleven  inches  per 
week. 

As  the  culture  of  fo  valuable  a kind  of  hemp  as  this  pro- 
mifes  to  produce  appears  to  be  of  confequence  to  a maritime 
and  commercial  kingdom,  I have  applied  to  the  Directors  of 
the  Eaft  India  Company,  to  give  proper  orders  to  their  factors 
and  lu per- cargoes  in  China,  to  procure  fome  of  the  bed;  feed 
that  can  be  obtained  ; and  fend,  even  a fmall  parcel,  by  each 
of  their  returning  Chips,  which  they  have  very  obligingly  pro- 
mifed  ; and  from  what  has  already  appeared,  there  can  be  no 
doubt  of  its  continuing  in  a date  fit  for  vegetation  for  a much 
longer  time  than  is  ufuaily  required  for  that  voyage. 

If  the  feed  fhould  arrive  in  fafety,  1 can  hardly  doubt  of  ob- 
taining the  abidance  of  the  Society  edablifhed  for  the  Encou- 
ragement of  Arts,  Maim  fad  u res,  and  Commerce  ; and  fhould 
expeid,  from  their  wonted  affiduity  and  liberal  difpofition  of 

proper 
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proper  rewards  for  the  culture  and  manufacture  of  fo  valuable 
a commodity,  to  fee  it  as  fuccefsfully  carried  to  perfection  as 

1 

feveral  other  branches  have  happily  attained  by  their  care  and 
protection  ; and  (hall  think  myfelf  very  happy  in  being  any 
ways  inftrumental  in  forwarding  fo  good  a purpofe. 

As  you  did  me  the  favour  of  examining  the  plants  in  a grow- 
ing fhte,  I need  not  trouble  you  with  any  fpecimens  from 
them  ; but  if  they  ihould  be  deemed  worthy  of  being  laid 
before  the  Society,  I (hall  fend  fome  of  the  hemp  in  the  fate 
it  was  peeled,  and  a piece  of  the  item  it  was  peeled  from,  as 
alfo  fpecimens  of  the  leaf  and  flower,  for  their  examination. 

I am,  &c. 
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VL  An  Account  of  feme  Scoria  from  Iron  Works , which  refembk 
the  vitrified  Filaments  deferibed  by  Sir  Wiliam  Hamilton.  In 
a Letter  from  Samuel  More,  Efq.  to  Sir  Jofeph  Banks,  Bart ... 
P.  R.  S\ 


Read  January  17,  17S1. 

SIR,. 

IN  the  very  accurate  account  given  of  the  eruption  of  Mount? 

Vefuvius  in  the  month  of  Auguft,  1779,  in  a letter  from  Sir 
william  HAMILTON,  printed  in  the  Philofophical  Tranfac- 
tions,  vol.  LXX.  part  I.  p.  42.  et  feq.  among  many  other 
equally  curious  informations,,  it  is  faid,  “ Long  Filaments  of 
“ vitrified  matter,  like  fpun-glafs,  were  mixed  with  and  fell 
with  the  afhes.”  And  in  a note  annexed  it  is  alfo  faid,  that 
“ during  an  eruption  of  the  volcano  in  the  Ifle  of  Bourbon  in 
“ 1766,  fame  miles-' of  country,  at  the  diitance  of  fix  leagues 
“ from  the  volcano,  were  covered,  with  a flexible  capillary  yel- 
“ low  glafs,  fome  of  which  were  two  or  three  feet  long,  with 
“ fmall  vitrous  globules-at  a little  diftanceone  from  the  other.” 
There  appeared  to  me  011  reading  thefe  paflages  an  exact 
iimilarity  between  thefe  productions  of  the  two  volcanos  and. 
fome  fcoria  I had  received  from  a worthy  friend,  who  is  matter 
of  one  of  the  largeft  works  in  England  for  fmelting  iron.  In 
a letter  accompanying  the  fpecimen,  he  writes,  “ I have  fent 
“ a fpecimen  of  fome  flag,  or  vitrified  cinder,  which  has.  by 
o “ the 


Mr,  more’s  Account  of , &c.  r i 

<c  the  reverberation  of  the  blaft  from  the  Tweer  *,  been  drawn 
out  whi lft  fluid  into  long  cobweb-like  threads  (Sometimes 
44  ten  or  twelve  feet  in  length)  and  affixed  itfelf  to  the  beams, 
44  &c.  of  the  bellows  room.” 


Whoever  has  attentively  viewed  the  lame  furnaces  wherein 
iron  ore  is  fmelted  by  coak,  will  readily  allow,  that  they  preftnt 
the  moft  ftriking  refemblance  (however  diminifhed)  of  that  mold 
tremendous  of  all  appearances,  the  eruption  of  a volcano  ; and 
that  the  moft  exadt  pictures  hitherto  leen  of  the  flowing  of  the 
lava  from  the  one  is  fhewn  bv  the  running  of  the  flag- from  the 
other  : this  has  induced  me  to  lay  before  you,  for  the  infpedtion 


of  the  Royal  Society  if  you  judge  it  worthy  their  attention, 
l'ome  of  the  fcoria  in  its  capillary  Rate,  and  with  all  due  de- 
ference to  the  acknowledged  abilities  of  Sir  william  Hamil- 
ton, to  fubmit  to  your  confi deration,  and  that  of  the  learned 
Body  over  which  you  fo  defervedly  preflde,  whether  the  fine 
filaments  may  not  be  produced  in  the  eruption  of  the  great 
furnaces  of  nature,  by  means  fimilar  to  thole  by  which  we  lee 
them  formed  in  the  furnaces  of  art.  Sir  william  feems  to 
think,  “ That  (what  he  calls)  the  natural  fpun  glafs  which 
44  fell  at  Ottaiano,  as  well  as  that  which  fell  in  the  life  of 
44  Bourbon  in  1766,  muff  have  been  formed,  moft  probably, 
44  by  the  operation  of  fuch  a fort  of  lava  as  has  been  juft  de- 
44  ficribed  (that  is,  perfectly  vitrified)  cracking,  and  feparating 
44  in  the  air  at  the  time  of  its  emillion  from  the  volcanos,  and 
44  by  that  means  fpinning  out  the  pure  vitrified  matter  from 
44  its  pores  or  cells,  the  wind  at  the  fame  time  carrying  off  thofe 
44  filaments  of  glafs  as  fall  as  they  were  produced.”  See 


p.  Si. 


* The  Tweer  is  thnt  opening  through  which  the  air  is  driven  by  the  bellows 
into  the  body  of  the  furnace. 

II  2 
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That  fome  of  the  fine  filaments  found  after  the  eruptions 
of  the  volcanos  were  formed  in  this  manner  is  not  unlikely  : 
but  as  we  fee  about  the  iron  furnaces  the  vitrified  fcoria  drawn 
into  fine  threads,  of  very  confiderable  length,  by  the  fimple 
action  of  the  wind  from  the  bellows,  is  it  not  very  probable, 
that  the  far  greater  part  at  leaf!  of  thofe  filaments  fcattered 
over  the  land,  and  which  were  found  two  or  three  feet  long, 
were  drawn  out  before  the  ejection  of  the  lava  from  the  crater 
by  the  force  of  thofe  violent  torrents  of  wind  which  mu  ft  be 
required  to  fupport  and  actuate  fo  intenfe  a fire  as  at  thofe  times 
fills  the  body  of  the  mountain  ?. 

In  all  matters  of  this  kind  there  is  great  fcope  for  conjec- 
ture, and  much  muft  be  allowed  to  it ; and  I have  prefumed  to- 
fubmit  this  opinion  to  you,  not  with  an  intention  to  difpute  the 
probability  of  what  has  been  already  advanced  on  this  head,  but 
to  point  out  from  what  occurs  immediately  under  the  eye  of  every 
workman  about  our  iron  furnaces,  fome  eafy  and  fimple  mode 
of  accounting  for  fo  lingular  a phenomenon,  and  as  an  intro- 
duction to  my  prefenting  to  the  Royal  Society  a fpecimen  of  fo 
curious  a production. 

The  extreme  fnenefs  to  which  thefe  filaments  are  reduced, 
and  their  brittlenefs,  render  it  almoft  impoflibleto  convey  them 
to  any  diftance,  preferving  at  the  fame  time  any  confiderable 
length  of  the  fibres  ; thefe  which  I have  now  the  honour  to  lay 
before  you  referable  cotton  in  appearance,  but  if  examined  with 
a microfcope  will  be  found  in  all  refpects  fimilar  to  thofe 
defcribed  by  Sir  william  Hamilton. 

I am,  &c. 
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VJI.  An  Extracl  of  the  Regifter  of  the  pari/h  of  Holy  Crofs,. 
Salop,  being  a "Third  Decade  of  Tears  from  Michaelmas 
1770  to  Michaelmas  1780,  carefully  digefed  in  the  following 
table . By  the  Rev.  Mr.  William  Gorfuch,  Vicar ; c omnium- 
cated  by  Dr.  Price,  F.  R.  S. 


Read  January  j 7,  1781. 
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54.  Mr.  gorsuch’s  Extrafi  of  the  Regifcr 

An  actual  furvey  was  made  in  1775,  when  the  number  of 
the  inhabitants  was  found  to  be  total  1057  : unc^er 

ten  287,  and  above  feventy  57,  viz.  from  70  to  75,  males  12 
females  10  = 22.  From  75  ^o  8o,  males  8 females  1 1 19* 

From  80  to  85,  males  8 females  6 = 14.  From  85  to  90, 
males  1 females  1 = 2. 

An  actual  furvey  was  made  in  the  year  1780,  when  the 
number  of  inhabitants  were  1 1 13. 

I 

There  remains  alive  in  1780. 
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Diftempers  and  Cafualties  from  1770  to  1780. 
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The  increafe  of  48  perfons  in  the  year  1765  was  owing  to 
the  ingrefs  of  four  numerous  families  into  large  houfes,  which 
were  almoft  uninhabited  for  many  years  before. 


The 
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The  decreafe  of  50  perfons  in  the  year  1770  was  occafioned 
by  the  demolifhing  of  nine  houfes,  in  order  to  open  a way  to 
the  new  ftone  bridge  built  over  the  river  Severn. 

On  Good  Friday,  1774,  there  happened  a dreadful  fire  which 
originated  from  a chimney,  and  extended  on  both  fides  of  the 
ilreet  to  the  difiance  of  half  a mile  : the  wind  blowing  with 
great  violence,  the  flames  in  a few  hours  confumed  48  houfes, 
being  generally  thatched  buildings.  In  this  conflagration  179 
of  the  inhabitants  loft  their  dwellings,  but  immediately  pro- 
vided themfelves  with  lodgings  within  the  parifh,  and  of  the 
number  of  fufferers  only  24  perfons  went  out  of  the  parifh, 
and  returned  no  more.  The  ground  vacated  by  the  houfes 
burnt  is  now,  in  1780,  built  upon,  and  moftly  coveied  widi 
little  tenements  fitted  for  poor  inhabitants  to  live  in,  and  made 
fo  commodious  as  to  receive  a greater  number  of  inhabitants 
than  they  did  before  the  fire  in  17745  t^at  families, 
whofe  number  in  1770  were  240,  are  in  the  year  1780  in- 
creafed  to  246  nearly,  and  perhaps  will  be  incieafing  when 

more  buildings  fhall  be  erefted. 

Houfes  pay  window  lights  65.  The  new  houfe  tax  paid 
.by  36  houfes.  The  firft  decade  was  publifhed  in  the  Phil. 
Tranf.  vol  LIT.  part  I.  art.  25.  The  fecond  decade  was  pub- 
lifhed in  the  Phil.  Tranf.  vol.  LXI.  art.  6.  p.  57.  See  alfo  Dr. 
price’s  Obfervations  on  Reverfionary  Payments,  ed.  1771.  p. 

192.  and  note  a.  alfo  p.  239*  aud  263* 

The  taking  account  of  the  marriages  in  this  paiifh  cannot 
be  of  any  ufe  in  political  arithmetic,  becaufe  it  is  the  cuftom 
of  the  fixed  inhabitants  to  go  out  of  the  parifh,  and  be  mai- 
ried  in  diftant  churches ; and  the  weddings  performed  in  this 
church  are  generally  between  ftrangers  who  occafionally  refide 
here  fo  long  as  to  make  a place  of  abode  according  to  the  aft 
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ot  parliament  made  in  1754.  Dr.  heberden  hath  made  a 
very  proper  ufe  of  the  number  and  proportion  of  marriages  in 
the  ifland  of  Madeira  ; but  then  it  was  an  ifland,  and  all  are 
confined  to  their  own  conftant  relidence.  If  the  whole  ifland 
of  Great  Britain  was  univerfally  to  be  included  in  the  account 
of  the  number  of  marriages,  it  would  be  very  ufeful  and 
compleat. 

Many  young  people  have  gone  out  of  this  parifh  to  fupply 
the  navy  and  army,  but  probably  the  fame  number  would 
have  emigrated,  to  be  apprenticed  and  follow  different  occu- 
pations. 

The  public  regifter  is  too  general  for  the  purpofes  of  politi- 
cal arithmetic.  The  extracts  here  made  are  drawn  from  private 
papers,  kept  with  great  care  and  exadnefs,  fo  that  the  births 
and  burials  of  the  fixed  inhabitants  are  not  rendered  in  cor  red  by 
the  accidental  ingrefs  of  foreigners,  or  temporary  egrefs  of  the 
real  inhabitants. 
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VIII-  An  Experiment  propofed for  determining , by  the  Aberration 
of  the  fixed  Stars,  'whether  the  Rays  of  Lighi,  in  pervading 
diferent  Media,  change  their  Velocity  according  to  the  Law 
which  re fults  from  Sir  Ifaac  Newton’s  Ideas  concerning  the 
Caufe  of.  Refraction ; and  for  ascertaining  their  V elocity  in 
every  Medium  whnfe  refractive  Denfty  is  known.  By  Patrick 
, Wilfon,  A.  M.  AJfiflant  to  Alexander  Wilfon,  M.  D.  Pro - 
fejfor  of  Practical  Afironomy  in  the  Univerfity  of  Glafgow ; 
communicated  by  the  Rev.  Nevil  Mafkelyne,  D . JD.  F.  R.  S* 
AJironomer  Royal. 


PON  the  fuppolition  that  the  refraction  of  light  is  caufed 


by  a certain  action  of  grofs  and  fenfible  bodies  upon  it. 
Sir  isaac  newton  has  demon  ftrated,  that  the  fines  ot  inci- 
dence and  refraCtion,  when  the  rays  pafs  out  of  one  medium 
into  another  of  different  denfity,  muff  always  be  in  a conftant 
ratio.  This  conftancy  of  the  ratio  of  the  lines  is  agreeable  to 
an  univerfal  experience,  and  has  been  called  the  law  of  refrac- 
tion. Upon  the  fame  grounds  he  has  alfo  demonftrated,  that 
the  velocity  of  the  rays  muff  be  greater  in  the  more  refraCting 
medium  in  the  inverfe  ratio  of  the  fines.  Of  this  property  of 
refraCtion,  however,  we  have  hitherto  had  no  evidence  in  the 
way  of  experiment.  The  ideas  entertained  by  Sir  Isaac 
newton,  from  which  this  property  has  been  deduced,  though 
they  confefs  their  great  author,  by  a mod:  beautiful  fimplicity, 
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-and  by  a very  finking  agreement  with  facl,  have  yet  been 
deemed  by  fome  perions  as  not  perfeCUy  authentic.  His  contem- 
porary Leibnitz  and  others  have  attempted  dcmonfirations  of 
the  law  of  refraction  from  principles  very  different,  and  which 
do  not  lead  to  the  opinion  of  the  acceleration  of  light  in  the 
more  refracting  medium.  At  prelent  it  is  propoled  to  point 
out  a method  ot  determining  experimentally  the  law  of  the 
variation  ot  the  velocity  ot  light,  according  to  the  change  of 
the  medium.  It  oblervations  fhall  fliew  this  law  to  be  agreea- 
ble to  Sir  Isaac  newton’s  conclufions,  we  fhall  then  have  a 
very  firong  additional  evidence  in  favour  of  his  principles.  If, 
contrary  to  the  mofi  probable  ifliie  of  the  experiment,  fome 
unfufpected  law  fhould  be  difcovered,  we  muft,  according  to 
the  rules  of  induction  laid  down  by  that  great  matter  in  phi- 
lolophy,  fo  far  refiriCt  our  general  conclufions,  and  accommo- 
date our  ideas  to  the  real  condition  of  things. 

The  method  of  experiment  at  prefent  alluded  to  is,  that  of 
obferving  the  aberration  of  the  fixed  fiars  with  a telefcope  filled 
with  a denfe  fluid,  fuch  as  water,  or  any  other  equally  limpid 
and  of  greater  refraCtion,  fitted  to  bring  the  rays  to  a focus  by 
the  furface  of  the  medium  oppofed  to  the  objeCt  having  a pro- 
per degree  of  convexity.  It  is  enough  at  this  time  to  fuggeft  a 
general  notion  of  the  infirument,  and  we  now  proceed  to  ex- 
plain in  what  manner  it  can  aflifi  us  in  the  prefent  inquiry. 

Since  aberration,  taken  in  its  enlarged  fenfe,  depends  on  the 
relative  velocities  of  light  and  of  the  telefcope,  if  the  rays 
were  really  to  move  much  fafier  or  much  flower  in  an  unufual 
telefcope  of  this  kind,  it  feems  to  follow,  that  the  quantity  of 
aberration  given  in  thefe  circumfiances,  compared  with  Dr. 
Bradley’s  angle,  would  certainly  indicate  the  new  rate  of  ve- 
locity. Such  an  inference  would  certainly  be  juft,  and  it  is 
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•upon  thefe  grounds  that  we  propofe  to  inquire  into  the  velocity 
of  the  rays,  as  they  move  forward  in  denfe  media  fo  applied  to 
telefcopes.  Granting,  however,  for  the  fake  of  argument, 
that  light  moves  down  through  fuch  an  unufual  telefcope  with 
an  increafed  velocity  fuited  to  the  refraCtive  denfity  of  the  ine- 
dium,  it  will  hy  no  means  happen,  that  the  aberration  will  be 
changed  on  that  account.  This  proportion,  which  at  fir  ft  view 
may 'appear  paradoxical,  and  even  contradictory  to  what  has 
been  affirmed  above,  is  however  not  the  lefs  certain,  and  may 
l'erve  to  fhew,  what  caution  is  fometimes  requilite  in  applying 
general  principles  to  particular  cafes  r for  it  ffiall  be  proved, 
that  the  aberration  in  fuch  a telefcope  will  precifely  agree  with 
that  of  Dr.  Bradley’s  only  in  the  cafe  of  the  rays  moving 
fwifter  in  the  watery  medium  than  in  air,  in  the  ratio  affigned 
by  Sir  isaac  newton,  and  that  this  famenefs  of  aberration 
will  itfelf  be  a proof  of  light  being  fo-  accelerated  within  tlx: 
telefcope. 

In  the  illuftrations  which  follow,  the  reader  is  fuppofed  not 
to  be  wholly  unaccuftomed  to  the  diftinctions  betwixt  abfolute 
and  relative  motion,  as  this  will  prevent  repetitions  and  all 
unneceflary  prolixity. 

Let  ABC  (tig.  i.)  be  thefphencal  refracting  furface  of  fuch 
a telefcope  as  has  been  defcribed,  and  let  the  telefcope  be  fup- 
pofed to  be  at  reft,  or  the  velocity  of  light  to  be  infinite  with 
refpect  to  that  of  the  earth,  and  let  GBMF  be  aline  drawn  from, 
a ftar  at  G,  in  the  pole  of  the  ecliptic,  through  the  center  M 
of  the  refracting  furface;  the  image  of  the  ftar  will  be  formed 
fomewherc,  as  at  F,  in  the  line  BF  ; and  here  the  interieCtion 
of  the  crofs  wires  made  ufe  of  in  obl'erving  muft  be  placed. 
It  is  evident,  that  the  ftar  will  be  feen  in  its  true  direction  FG  ; 
md  we  muft  conclude  that  to  be  its  true  direction,  bccaufe  we 

know 
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know  that  the  ray  GBF  pafles  into  the  medium  without  being 
refracted  by  it,  and  BMF  would  be  confidered  as  the  axis  of 
the  telefcope. 

New  let  the  fpherical  refrafting  furface  with  its  wires,  cr 
the  unufual  telefcope  be  carried  laterally  with  the  motion  of 
the  earth  towards  Conceive  GBF  to  be  a line  not  par- 
taking of  this  lateral  motion,  which  at  any  particular  mo- 
ment paiTes  thro’  M,  the  center  of  convexity.  Along  tjiks 
line  fuppofe  one  of  many  rays  to  pafs  from  a lfar  fituated  in 
the  pole  of  the  ecliptic.  Then  will  all  the  contemporary  light 
of  this  pencil  of  parallel  rays  be  made  to  converge  fo  as  to 
meet  in  a focus  fomewhere  in  the  unrefra&ed  ray  BF.  Let  F 
therefore  be  the  point  in  abfolute  fpace  where  the  image  of  the 
ftar  is  fo  formed.  Let  the  parallel  motion  of  the  telefcope, 
whofe  refracting  fpherical  furface  is  ABC,  be  in  the  direction- 
of  HF,  and  take  FD  to  FB  as  the  lateral  velocity  of  the  tele- 
fcope to  the  velocity  of  light  in  air,  and  join  BD  : then  it  is 
man i felt,  that  BD  will  be  the  pofition  of  a telefcope  fuch  as 
Dr.  Bradley’s,  when  the  image  of  the  ftar  is  formed  in  the 
axis  BD,  and  that  1BG,  or  its  equal  FED,  will  be  the  angle 
of  greateft  aberration. 

Moreover,,  the  velocity  of  the  rays  as  they  proceed  to  the 
focus  F,  after  refraction  at  the  furface  ABC,  being  iuppofed 
the  fame  as  in  air,  it  is  evident,  that  the  line  DML  drawn 
through  D,  and  through  the  center  of  convexity  M,  mud  give 
the  pofition  of  the  axis  of  this  kind  of  telefcope,  when  the 
image  of  the  ftar  is  formed  there;,  for,  by  hypothefis,  the’ 
image  is  formed  in  F in  abfolute  fpace,  and  iince  BF  is  iup- 
pofed to  be  to  FD,  as  the  velocity  of  light  within  the  medium 
to  the  lateral  velocity  of  the  telefcope,  the  point  D of  the 

axis  DL  will  arrive  at  F,  when  the  rays  arrive  there  to  form 
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the  image.  And  the  obferver  not  knowing,  or  at  prefent  not 
taking  account  of,  the  lateral  motion  of  the  telelcope,  will 
fuppofe,  that  the  line  LMD  joining  the  image  of  the  dar  and 
the  center  of  convexity  M is  the  true  direction  ot  the  dar ; 
iuft  as  before  he  concluded,  that  FMBG  would  be  the  direction 
of  the  liar  when  the  lateral  motion  of  the  telelcope  was'  fup- 
pofed  to  be  nothing.  Hence  it  is  evident,  that  the  interfe&ion 
of  the  crofs  wires,  made  ufe  of  in  obferving,  mud;  now  be 
placed  at  D ; or  elfe,  if  thofe  be  dill  ufed  that  were  before 
fuppofed  to  be  at  F,  the  refracting  furface  ABC  with  the  line 
or  axis  BF  mud  revolve  about  the  center  M till  the  vertex  B 
comes  to  L and  the  crols  wires  F to  D. 

In  like  maimer,  if  the  velocity  of  the  rays  were  increafed 
after  refraction  at  the  fpherical  furface  in  any  ratio,  as  that  of 
DF  to  EF,  the  refraftion  continuing  the  fame,  then  EMO 
drawn  through  the  center  of  convexity  would  now  give  the 
pofitioil  of  the  axis  of  the  telefcope  neceflary  for  receiving  the 
image  formed  at  F.  For  the  fpace  defcribed  by  the  rays  in 
palling  downwards  to  the  focus,  in  this  cafe  and  the  former 
being  equal,  the  times  of  their  converging  at  F will  be  reci- 
procally as  the  velocities,  or  as  EF  to  DF.  But,  on  account 
of  the  equable  lateral  motion  of  the  telefcope,  DF  and  EF 
will  be  as  the  times  of  the  points  D and  E arriving  at  F ; 
therefore,  in  the  lad  cafe,  the  interfeClion  of  the  crofs  wires 
fuppofed  at  E will  meet  the  image  at  F,  and  accordingly  the 
dar  will  be  feen  in  the  axis. 

Fig.  2.  From  what  has  been  faid  it  will  appear,  that  if  DF' 
be  taken  to  EF,  as  the  fine  of  incidence  to  the  line  of  refrac- 
tion peculiar  to  the  medium  which  fills  the  telefcope  ; then, 
from  the  property  of  the  focus,  we  (hall  have  this  proportion, 
viz.  BF'  •:  FM  ::  DF'  : EF.  Hence  the  line  EMO  pafling 

through 


the  Aberration  of  the  fixed  Stars , &c.  63 

through  M muft  be  parallel  to  DB  ; but  DB,  as  before,  de- 
notes the  pofition  of  Dr.  Bradley’s  telefcope,  when  the  aber- 
ration of  the  ftar  is  at  its  maximum,  and  EMO  parallel  to  it, 
denotes  the  pofition  of  the  water  telefcope,  at  the  fame  time, 
upon  the  fuppofition  that  the  velocity  of  the  rays  without  and 
within  be  as  EF  to  DF,  or  inverfely,  as  the  fines  of  incidence 
and  refraction  peculiar  to  wTater.  Here  then  we  difcover  what 
muft  be  the  law  of  variation  as  to  the  velocity  of  the  rays, 
provided  that  the  aberration  given  by  fuch  a telefcope  (hall 
come  out  the  fame  with  that  found  by  Dr.  Bradley.  It  is  the 
very  lame  which  follows  from  the  Newtonian  principles  : for 
from  the  manner  of  obferving,  the  angle  of  aberration  is 
always  determined  by  the  pofition  of  the  telefcope  neccflary 
for  having  the  image  formed  fomewhere  in  the  axis. 

But  fuppofing  that  in  the  courfe  of  obferving  with  fuch  a 
telefcope,  the  aberration  fhould  come  out  different  from  what 
has  already  been  afcertained  by  Dr.  Bradley,  it  may  next  be 
enquired,  how  from  the  difference  given  the  velocity  of  light 
within  the  telefcope  is  to  be  deduced. 

Fig.  3.  Imagine  then  fuch  a telefcope  adlually  to  give  FMD 
as  the  greateft  angle  of  aberration,  and  let  this  be  fuppofed 
greater  than  that  of  Dr.  Bradley’s,  which,  for  example,  let 
be  FME.  From  what  has  been  already  faid,  the  velocity  of 
light  correfponding  to  this  laft  mentioned  angle,  is  deducible 
from  the  known  refraftion  of  the  medium  which  fills  the  tele- 
fcope;. and,  by  conftruction,  the  velocity  correfponding  to 
FMD,  the  angle  given,  muft  be  to  the  former  inverfely  as  the 
tangents  of  thefe  angles.  From  this  confideration  we  have  the 
following  analogy  for  finding  the  velocity  correfponding  to 
whatever  difference  there  may  be  obferved  between  the  two 
aberrations  at  prefent  alluded  to.  The  rule  in  all  cafes  muft  be ; 
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64  as  the  tangent  of  the  obferved  angle  is  to  the  tangent  cf  the 
“ Bradleyan  angle,  lo  is  the  velocity  of  light  deducible  from 
44  the  hypothefis  of  the  obferved  angle  being  the  fame  with 
4 4 that  of  Dr.  Br  adley  to  the  velocity  fought.”  It  has  already 
"been  Ihewn,  how  the  former  of  thefe  velocities  can  be  univerfally 
afeertained,  from  the  known  refraction  of  the  medium  which 
is  taken  to  fill  the  telefcope,  and  therefore  the  lad;  term  of  the 
above  proportion,  which  is  the  velocity  fought,  is  thereby 
given. 

Fig.  2.  In  a telefcope  of  this  kind  it  will  not  have  efcaped 
notice,  that  the  ray  BF,  which,  on  account  of  its  palling  to 
the  focus  unrefrabted,  may  be  called  the  axis  of  the  pencil, 
can  never  be  found  in  the  axis  of  the  telefcope  EO,  except  at 
the  focus  F,  where  D and  F meet.  That  ray,  however,  OP, 
parallel  to  BG,  which  falls  obliquely  on  the  axis  of  the  tele- 
fcope EO,  will  continue  to  pafs  along  it  after  refrabtion,  and 
for  that  reafon  it  may  be  called  the  relative  axis  of  the  pencil. 

This  will  appear,  bv  confidering  that  the  particle  of  light, 
which  at  any  moment  is  refrabted  at  the  vertex  O of  the  fpheri- 
cal  fur  face,  is  found  by  hypothef  s in  the  axis  a fecond  time, 
when  it  meets  the  cotemporary  light  at  the  focus.  But  fincc 
both  the  motion  of  the  axis  and  of  the  particle  is  uniform  and 
rectilinear,  the  former  cannot  be  found  in  the  latter  at  two 
different  times,  without  being  found  in  it  continually  during 
the  whole  interval,  hi  like  manner,  a part  of  every  other  ray 
from  the  ftar,  which  fuceeflively  falls  upon  the  vertex,  mud: 
move  relatively  along  the  axis  after  refraction  : and  thus  a con- 
stant fucceffion  of  thefe  particles  conffitute  a vifual  refrabted 
ray,  wdiofe  relative  path  mud  always  be  in  the  axis  OE. 

All  that  has  been  (hewn  concerning  the  telefcope  already 
copfidered,  will  receive  dill  further  illudration,  by  tracing  the 
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motion  of  this  particular  refraded  ray  till  it  arrives  at  the  focus. 
This  way  of  viewing  the  fnbjed  will  alfo  render  the  reafoning 
more  general,  and  make  it  apply  to  telefcopes  when  the  denfe 
fluid  within  is  fuppofed  to  be  confined  by  objed-glafles  of  any 
figure.  But  in  order  to  this,  it  will  be  convenient  to  premife, 
and  briefly  to  demonftrate,  what  fhall  afterwards  be  referred  to 
by  the  name  of 

PROP.  A. 

Fig.  4.  If  any  very  fmall  body  or  particle  of  light  as  if 
moves  uniformly  in  the  abfolute  path  SB,  has  pafled  relatively 
along  a part  of  the  line  CD,  which  advances  equably  and 
parallel  to  itfelf  in  the  diredion  DK  ; and  if  at  any  inftant  the 
abfolute  path  of  the  particle  be  changed  into  any  other,  as 
BR  ; I fay,  it  will  ftill  pafs  relatively  along  the  moving  line, 
provided  its  velocity  now  be  to  its  former  velocity  as  the  fine  of 
the  angle  DBF  to  the  fine  of  the  angle  DBR  ; thefe  being  the 
angles  which  the  moving  line  BD  makes  with  BF  and  BR  the 
abfolute  path  or  diredion  of  the  particle  in  the  two  cafes. 

The  confirudion  of  this  figure  is  fo  fimple,  that  it  is  unne- 
ceflary  formally  to  point  it  out.  Since,  by  hypothefis,  the 
velocity  of  the  particle  along  BR  is  to  its  former  along  BF  as 
the  fine  FZ  to  the  fine  RT ; or,  on  account  of  fimilar  tri- 
angles, as  DF  to  IR,  and,  on  account  of  parallels,  as  DF  to 
DW,  it  follows,  that  the  time  of  its  deferibing  BR  now,  is 
to  the  time  of  formerly  deferibing  its  equal  BF,  as  DW  to  DF. 
But  the  line  BD  advancing  with  a uniform  motion,  the  time  of 
its  arriving  at  W is  to  the  time  of  its  arriving  at  F,  alfo  as  DW  to  • 
DF.  Therefore,  when  the  particle  arrives  at  R,  the  point  D of  the 
moving  line  will  have  arrived  at  W,  and  WRP  will  be  its  posi- 
tion. Hence  the  particle  at  that  moment  mud  be  found  in  the 
interfedion  R of  this  line,  with  its  abfolute  path  BR.  In  the 
Vol.  LXXII.  K fame 
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fame  manner  it  may  be  Shewn,  that  at  any  other  time  the  par- 
ticle will  be  found  in  the  interfeCtion  : it,  therefore,  from  the 
time  of  its  direction  being  changed  at  B,  muft  pafs  relatively 
along  the  moving  line  as  before.  By  a fmall  alteration  in  the 
conStruCtion  it  may  be  (hewn,  that  if  the  abfolute  path  had 
been  fo  changed  at  B as  to  have  augmented  the  angle  FBD,  Still 
the  particle  would  have  moved  relatively  along  DB,  provided  its 
velocity  after  had  been  to  its  velocity  before  as  the  fine  of  FBD 
the  firit  angle  to  the  fine  of  the  increaled  angle. 

To  apply,  therefore,  this  proposition  to  the  prefent  investi- 
gation, let  DB  be  conceived  as  the  axis  of  a telefcope  perpen- 
dicular to.  the  Spherical  furface  of  a refracting  medium  which 
accompanies  it  in  its  lateral  motion,  SB  the  abfolute  path  ot  a 
particle  of  light  which  had  pafifed  relatively  along  DB  pro- 
duced, till  its.  arrival  at  B,  and  Blv  its  abfolute  path  within  the 
medium  of  the  telefcope.  Then  it  is  evident,  that  FBD,  or  its 
equal  CBS,  will  be  univerfally  the  angle  of  incidence,  and 
RBD  the  angle  of  refra&ion.  Hence,  by  prop.  A.  that  ray 
of  the  parallel  pencil  which  is  refraCted  at  O,  the  vertex  ot 
the  lpherical  furface  in  fig.  2.  muft  Still  pafs  relatively  along  the 
axis,  provided  the  velocity  within  the  telelcope  be  to  its  former 
in  air,  as  the  fine  of  incidence  to  the  fine  of  refraction.  But 
the  image  of  the  ftar  being  produced  by  the  meeting  of  all  the 
contemporary  light,  will  confequently  be  found  in  the  axis,, 
which,  by  hypothefis,  deviates  from  the  true  place  of  the  Star 
by  the  fame  quantity  as  Dr.  Bradley’s  angle;  So  that  in  this 
way  of  considering  the  matter,  the  fame  thing  relults  which 
was  formerly  Shewn  in  regard  to  a telefcope  fo  conStruCted. 

By  prop.  A.  it  is  alfo  manifest,  that  whatever  number  of  re- 
fractions that  ray  which  falls  upon  the  extremity  of  the  axis 
Suffers  in  pervading  objeCt-glaffes  of  any  figure,  or  even  denfe 

media. 


the  Aberration  of  the  fixed  Stars , &c.  67 

media  beyond  the  objeff-glafs  if  bounded  by  tranfparent  planes 
to  which  the  axis  produced  is  perpendicular,  yet  if  the  veloci- 
ties and  refractions  fo  correfpond,  ftill  the  ray  in  queftion  will 
pafs  relatively  along  the  axis  till  it  meet  the  relt  at  the  focus  : 
for  here  the  refraCted  ray  in  the  firft  medium  becomes  the  inci- 
dent  ray  in  relation  to  its  path  in  the  fecond,  and  this  in  its 
turn  becomes  an  incident  ray  in  relation  to  its  path  in  the  third 
medium,  &c.  and  therefore  by  the  prop.  A.  can  never  deviate 
from  the  moving  axis  whatever  be  the  ref  raft  ive  denfity  of  the 
media,  or  however  thefe  are  diipofed  in  the  order  of  fucceftion. 
And  lince,  by  Sir  Isaac  newton’s  theorem,  the  ratio  of  the 
fine  of  incidence  to  the  line  of  refraction  in  the  paflage  of  a 
ray  out  of  one  medium  into  another,  is  compounded  of  the 
ratio  which  the  former  has  to  the  latter  in  the  paftage  of  that 
ray  out  of  the  firft  medium  into  any  third,  and  of  the  ratio  of 
the  former  to  the  latter  in  the  pafliige  of  the  fame  ray  out  of 
the  third  medium  into  the  fecond,  &c.  it  follows,  that  if  the 
velocities  be  related  to  the  degree  of  refraction  as  before  men- 
tioned, the  ray  in  the  la  ft  denfe  medium  will,  notwithftanding 
any  number  of  previous  refractions  by  glafles,  &c.  have  the 
fame  final  velocity  that  would  have  been  acquired  on  its  palling 
immediately  out  of  air  into  that  medium.  This  being  the  cafe, 
it  appears,  that  though  the  intervention  of  an  objeCt-glafs  may 
lhorten  the  focal  diftance  of  fuch  a telefcope,  yet  it  will  not 
difplace  the  image  nor  alter  the  rule  of  interring  the  final  velo- 
city of  the  ravs  in  the  denfe  medium  from  the  aberration  given  ; 
at  leaft  when  this  is  fuppofed  to  be  the  fame  with  Dr.  Bradley’s. 

Fig.  3.  But  further,  if  the  aberration  of  fuch  a telefcope 
fhould  differ  from  the  Bradleyan  one,  and  give,  for  example, 
the  angle  OMB,  ftill  the  ray  PO,  which  falls  on  O the  vertex, 
muft  be  confidered  as  an  incident  ray,  which,  after  refra&ion, 
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paffes  along  the  axis.  By  prop.  A.  therefore,  the  velocity  of 
the  ray,  whatever  this  may  be  after  refraCtion,  muff  be  to  that 
velocity  by  which  it  would  have  moved  relatively  in  the  axis, 
fo  inclined  to  its  path,  previous  to  the  refraction,  inverfely  as 
the  lines  of  incidence  and  refraCtion.  Now  this  being  duly 
eonfidered,  it  will  be  found  that  the  velocity  within  the  me- 
dium, cor refpon ding  to  this  fuppofed  aberration,  or  the  abfo- 
lute  velocity  within  the  medium,  mult  be  to  the  velocity  within 
the  medium  correfponding  to  the  Bradleyan  aberration,  inverlely 
as  the  tangents  of  thefe  two  angles  : for  let  V and  v exp  refs  the 
velocities  before  and  after  refraction  correfponding  to  the  Brad- 
leyan angle,  and  X and  x the  velocities  before  and  aftei  cone- 
fponding  to  the  fuppofed  uncommon  angle,  * being  the  aCtual 
velocity  after  refraCtion  ; then,  becaufe  by  prop.  A.  the  ante- 
cedent is  to  the  confequent,  in  both  cafes,  in  the  fame  ratio, 
•viz.  as  the  fine  of  refraction  to  the  fine  of  incidence,  it  will  be 
V : v ::  X : x,  and  therefore  V X ::  v : x.  But  from  the 
nature  of  the  aberration  V mult  be  to  X (this  luppofititious 
velocity  before  incidence)  inverfely  as  the  tangents  of  the 
angles  of  the  two  aberrations.  This  therefore  muft  be  the 
ratio  of  v to  But  v is  given  as  before  Ihewn  ; therefore  at 
the  velocity  within  the  medium  correfponding  to  the  fuppofed 
obferved  aberration  is  alfo  given,  and  by  the  fame  rule  as  was 
found  formerly  in  the  cafe  of  the  firft  telefcope. 

What  has  been  at  prefent  advanced  is  unconnected  with  any 
hypothetical  notions  concerning  the  rays  or  the  caufe  of  refi  ac- 
tion. Light  has  been  considered  only  as  fomething  which  moves 
uniformly  from  one  place  to  another,  and  which  is  always  re- 
fraCted  according  to  a known  law.  The  firft  of  thefe  properties 
has  been  put  beyond  all  doubt  by  the  obfervations  of  Dr. 
Bradley  and  Mr.  molyneux  ; and  it  is  has  been  long  known 
that  the  laft  is  quite  agreeable  to  experience. 
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It  has  indeed  always  been  taken  for  granted,  that  the  velo- 
city of  the  ray  which  pafles  through  the  center  of  convexity, 
reprefents  the  common  velocity  of  all  the  contemporary  light 
of  the  converging  pencil.  This  may  perhaps  be  reckoned  a 
circumfbmce  of  which  we  have  no  proof.  But  it  muff  be 
confldered,  that  if  the  rays  of  light,  after  being  varioufly  bent 
towards  the  focus,  were  no  longer  to  move  with  tiie  fame  com- 
mon velocity,  the  image  formed  at  the  focus  of  Dr.  bradley’s 
telefcope,  would  be  elongated  in  the  direction  of  the  aberra- 
tion. Thofe  who  have  attended  to  this  fubjeCt  will  be  at  no 
lofs  in  difeerning  the  reafon  of  this.  The  extent  of  that 
lengthened  image  would  depend  upon  the  difference  of  velo- 
city which  would  obtain  among  the  converging  rays,  and 
would  probably  increafe  according  to  the  largenefs  of  the  aper- 
ture of  the  objeCt-glafs.  But  fuch  a phenomenon  being  con- 
trary to  experience,  it  follows,  that  the  unequal  bending  of 
the  rays  does  not  give  them  unequal  velocities,  whilft  moving- 
in  the  fame  medium.  This  is  another  property  with  regard  to 
the  motion  of  light  which  may  be  confi dered  as  proved  experi- 
mentally by  Dr.  bradley’s  obfervations,  and  which  doubtlefs 

* 

would  have  occurred  to  him  if  he  had  had  occafon  to  trace  the 
refraction  of  a pencil  of  parallel  rays  at  the  objeCt-glafs  of  his 
telefcope. 

To  conclude  : in  bringing  this  queffion  concerning  the  ve- 
locity of  light  to  the  iffue  of  an  experiment,  that  fluid  would 
doubtlefs  be  moft  proper  for  the  telefcope  which  abforbs  the 
feweft  rays,  and  poflefles  the  greatefl:  refractive  denflty,  and 
which  at  the  fame  time  is  not  liable  to  generate  air-bubbles. 
To  compenfite  for  the  unavoidable  lofs  of  light,  which  by  Mr. 
canton  and  Dr.  Priestley’s  experiments  is  found  to  be  con- 
fiderable  in  fuch  cafes,  it  perhaps  may  be  neceffary  to  ufe  an 
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achromatic  obje£t-glafs  for  the  fake  of  a large  aperture,  and  of 
fuch  a figure  as  to  fhorten  the  focal  diffance  as  much  as  the 
obfervations  of  fuch  a fmall  angle  can  admit  of.  Some  con- 
trivance too  will  be  requifite  to  keep  the  whole  fpace  between 
the  objedf-glafs  and  the  eye-glafs  always  full,  notwithstanding 
the  expanlions  and  contractions  of  the  confined  fluid  by 
heat  and  cold,  or  its  wade  by  evaporation. 

It  might  prove  a very  conliderable  abridgement  of  the  necef- 
fary  apparatus,  if  this  kind  of  telefcope  could  be  connected 
with  the  common  telefcope  of  a mural  quadrant,  or  zenith 
lector,  and  their  axes  made  perfectly  parallel  by  previous  obfer- 
vations of  a proper  terreftrial  objeCt.  But  as  there  would  be 
fome  room  for  apprehending  that  the  exact  adjuftment  of  the 
axes  might  be  affected  in  raiflng  the  telefcopes  afterwards  for 
celeftial  obfervations,  this  might  be  examined  into  by  di- 
recting them  to  fome  ftar  lituated  in,  or  very  near,  the  ecliptic, 
and  taking  its  meridian  altitudes  at  a time  of  the  year  when  it 
is  in  quadrature  with  the  fun,  in  which  cafe  it  would  have  no 
aberration.  But  either  in  this  way,  or  with  two  feparate  inftru- 
ments  ,the  experiment  might  be  made  in  a few  nights,  by  taking 
the  zenith  diftance  of  a proper  ffar,  the  plane  of  the  inftruments 
being  alternately  turned  different  ways  in  obferving,  to  get 
the  true  zenith  diffance  independent  of  the  error  of  the  line  of 
collimation  ; or  the  meridian  altitude  of  the  pole  ffar  may  be 
obferved  in  December  above  and  below  the  pole,  which  will 
give  the  apparent  diffance  of  the  ffar  from  the  pole  at  that  time 
as  affefled  by  aberration.  The  error  of  the  line  of  collimation 
would  not  affeft  the  refult  in  this  way,  being  the  fame  in  the 
obfervation  both  above  and  below  the  pole. 
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IX.  Quantity  of  Ram  •which  fell  at  Barrowby  near  Leeds  *„ 
By  George  Lloyd,  Efq.  F.  R.  S. 


Read  January  31,  1782. 


OO 

r^. 

1 779 

1780 

•^r 

cc 

Averages.  1 

M , x ' 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

January 

2.1 

0.6 

°*9 

1.2 

1.2 

February 

I*3 

c.o 

1.4 

- S-7 

J*35 

VI  arch 

2.1 

04 

0.5 

O.I 

°-77  5 

April 

°*3 

2.0 

4-3 

*•5 

2.025 

Vi  ay 

1.8 

3«4 

1 4 

1. 1 

I*925 

June 

2. 1 

2-15 

0.8 

3-2 

2. 0625  J 

July 

3-9 

5-6 

2-3 

1.6 

3*1 

Auguft 

°*33 

2.25 

2 45 

3-4 

2.1075 

September 

2.87 

3-55 

4.55 

5-6 

4.1425 

O&ober 

5 3 

2.8 

3-i5 

o-3 

2.8875  I 

November 

2.6 

2.1 

*•95 

2.8 

2.3625 

December 

3-3 

4.2 

0.2 

2.1 

2-45  j 

Totals 

28.0 

29.05 

22.9 

25.6 

26.3875I 

* See  Phil.  Tranf.  vol.LXVIL  part  I.  p.  512. 
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X.  Account  of  an  Improved  Thermometer.  By  Mr.  James  Six  ; 
comunicated  by  the  Rev.  Mr.  Wolladon,  F.  R.  S. 


Read  February  28,  1782. 

ATTEMPTING  fome  time  ago  to  afcertain  the  greated 
degree  of  heat  and  cold  that  happened  in  the  atmo- 
fphere  each  day  and  night,  or  during  the  courfe  ot  twenty-four 
hours,  I experienced  the  inconvenience  which  attends  thermo- 
meters commonly  made  ufe  of  for  that  purpofe ; the  necedity 
I mean  of  the  obferyer’s  eye  being  on  the  indrument  the  very 
indant  the  mercury  dands  at  the  highed  or  lowed  degree  : for, 
fince  the  time  when  that  may  happen  is  utterly  uncertain,  if  it 
be  not  immediately  noticed,  it  can  never  after  be  known.  The 
fultry  heat  of  the  fu miner’s  days,  and  freezing  cold  of  the 
winter’s  nights,  which  is  commonly  mod  fevere  at  a late  un- 
feafonable  hour,  render  it  very  unpleafant  to  be  abroad  in  the 
open  air,  although  it  is  abfolutely  necedary  for  the  thermome- 
ter to  be  placed  in  fuch  a fituation.  Ingenious  men  of  our 
own  country,  as  well  as  foreigners,  have,  it  feems,  long  ago 
endeavoured  to  remedy  this  inconvenience ; and  feveral  ther- 
mometers of  different  condru&ions  have  been  invented  for 
that  purpofe.  van  swinden  defcribes  one  which  he  lays  was 
the  fird  of  the  kind,  made  on  a plan  communicated  by  Mr. 
Bernoulli  to  Mr.  leibnitz.  Mr.  kraft,  he  alfo  tells  us, 
mad&  one  nearly  like  it  *.  A defcription  of  thole  by  Lord 

* Difl".  fur  la  Comparaifon  du  Therm,  par  van  swinden,  p.  253  — 255. 
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Charles  cavendish  and  Mr.  fitzgerald  may  be  feen  in 
the  Pliilofophical  Tranfaftions  *.  Though  much  ingenuity  ap- 
pears in  the  invention  of  thofe  curious  inftruments,  I could  not 
forbear  thinking,  that  a thermometer  might  be  conftrudted 
more  conveniently  to  anfwer  the  purpofe,  and  fihew  accurately 
the  greateft  degree  of  heat  and  cold  which  happened  in  the 
obferver’s  abfence.  I therefore  attempted  to  make  one : with 
wrhat  fuccefs  I fubmit  to  your  better  judgement,  and  proceed  to 
give  a defeription  of  the  inftrument.  Fig.  i.  ab  is  a tube  of 
thin  glafs,  about  fixteen  inches  long,  and  five  fixteenths  of 
an  inch  in  diameter ; cdefgh  a fmaller  tube  with  the  inner 
diameter,  about  one  fortieth,  joined  to  the  larger  at  the  upper 
end  b , and  bent  down,  firft  on  the  left  fide,  and  then,  after 
defeending  two  inches  below  a b , upwards  again  on  the  right, 
in  the  feveral  diredlions  cde,fgh , parallel  to,  and  one  inch 
diftant  from  it.  On  the  end  of  the  fame  tube  at  h , the  inner 
diameter  is  enlarged  to  half  an  inch  from  h to  /,  which  is  tw'o 
inches  in  length.  This  glafs  is  filled  wutli  highly' rectified  fpi- 
rits  of  wine  to  within  half  an  inch  of  the  end  /,  excepting 
that  part  of  the  fmall  tube  from  d to  g,  which  is  filled  with 
mercury.  From  a viewr  of  the  inftrument  in  this  ftate,  it  will 
readily  be  conceived,  that  when  the  fpirit  in  the  large  tube, 
which  is  the  bulb  of  the  thermometer,  is  expanded  by  heat, 
the  mercury  in  the  fmall  tube  on  the  left  fide  vrill  be  prefled 
down,  and  confequently  caufe  that  on  the  right  fide  to  rife; 
on  the  contrary,  when  the  fpirit  is  condenfed  by  cold,  the 
reverfe  will  happen,  the  mercury  on  the  left  fide  will  rife  as 
that  on  the  right  fide  defeends.  The  ficale,  therefore,  which 
is  Fahrenheit’s,  beginning  with  o at  the  top  of  the  left  fide, 
has  the  degrees  numbered  downwards,  while  that  at  the  right 
* Phil.  Tranf.  vol.  L.  p.  501.  and  vol.  LI.  p»  820. 
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fide,  beginning  with  o at  the  bottom,  afcencls.  The  divifions 
are  afcertained  by  placing  this  thermometer  with  a good  flan- 
hard  mercurial  one  in  water  gradually  heating  or  cooling,  and 
marking  the  divifions-  of  the  new  fcale  at  every  50  L Thus 
far  our  thermometer  refembles  in  fome  re  ip  eels-  thofe  of  Mr. 
Bernoulli  and  Lord  Charles  cavendish  ; but  the  method 
■of  fhewing  how  high  the  mercury  had  rifen-  in  the  obferver’s- 
ah  fence,  the  eflential  property  of  an  inftrument  of  this  kindr 
is  wholly  different  from  theirs,  and'  effected  in  the  following 
manner.  Within  the  fmall  tube  of  the  thermometer,  above 
the  furfaee  of  the  mercury  on  either  fide,  immerfed  in  thefpirit 
©f  wine,  is  placed  a-  lmall  index,  fo  fitted  as  to  pafs  up  and; 
down  as  occalion  may  require : that  furfaee  of  the  mercury 
which  riles  carries  up  the  index  with  it,  which  index  does  not 
return  with  the  mercury  when  it  defeends  ; but,  by  remaining' 
fixed,  fhews  diftinftly,  and  very  accurately,  how  high  the- 
mercury  had  rifen,  and  confequently  what  degree  of  heat  or 
cold  had  happened.  Fig.  2.  reprefen  t-s  one  of  thele  indexes 
drawn  larger  than  the  real  ones,  to  render  it  more  diftinch, 
ci  is  a fmall  glafs  tube,  three  quarters  of  an  inch  long,  herme- 
tically fealed  at  each  end,  inclofing  a piece  of  fteel  wire,  nearly 
of  the  fame  length  ; at  each  end  cd  is  fixed  a fhort  piece  of  a< 
tube  of  black  glafs,  of  fuch  a diameter  as  to  pafs  freely  up 
and  down  within  the  fmall  tube  of  the  thermometer.  The 
lower  end,  floating  on  the  furfaee  of  the  mercury,  is  carried 
up  with  it  when  it  riles,  while  the  piece  at  the  upper  end, 
being  of  the  fame  diameter,  keeps  the  body  of  the  index  pa- 
rallel to  the  fides  of  the  thermometrical  tube.'  From  the  upper 
end  of  the  body  of  the  index  at  c is  drawn  a fpring  of  glafs  to 

* The  divifions  below  the  freezing  point  are  taken  by  means  of  a mixture  of 
it'a  fait  and  ice,  a?  deferibed  by  nollet,  ue  luc,  and  others. 
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the  fmenefs  of  a hair,  about  five  ievenths  of  an  inch  in  length, 
which,  being  fet  a little  oblique,  p relies  lightly  againft  the ; 
inner  fur  face  of  the  tube,  and  prevents  the  index  from  follow- 
ing the  mercury  when  it  defeends,  or  being  moved  by  the  fpirit 
palling  up  or  down,  or  by  any  hidden  motion  given  to  the  in- 
ftrument  by  the  hand  or  otherwife  ; but  at  the  fame  time  the 
prelfure  is  fo  adjufted  as  to  permit  this  index  to  be  readily  car- 
ried up  by  the  furface  of  the  riling  mercury,  and  downwards 
whenever  the  inftrument  is  be  rectified  for  obfervation.  To  pre- 
vent the  fpirit  from  evaporating,  the  tube  at  the  end  i is  clofely 
fealed  *.  Fig.  3.  reprefents  the  thermometer  on  its  frame  ; 
the  plates  on  which  the  fcale  is  graved  on  either  fide  are  made 
to  hide  out,  and  the  frame  is  open  to  the  back,  behind  the 
large  tube,  which  does  not  touch  it,  except  at  each  end.  The 
cap  a , and  the  bafe  £,  are  made  to  fix  on  with  ferews,  and 
only  cover  the  turning  of  the  lmall  tube.  By  a ferew  at  the 
bottom  of  the  frame,  it  may  be  made  fall;  to  the  wall  againft 
which  it  is  to  hang  without  doors,  to  prevent  its  being  fhaken 
by  violent  winds.  Towards  evening  I ufually  vifit  my  thermo- 
meter, and  fee  at  one  view,  by  the  index  on  the  left  fide,  the 
cold  of  the  preceding  night ; and  by  that  on  the  right,  the 
heat  of  the  day.  Thefe  I minute  down,  and  then  apply  a 
fmall  magnet  to  that  part  of  the  tube  againft  which  the  indexes 
reft,  and  move  each  of  them  down  to  the  furface  of  the  mer- 
cury : thus,  without  heating,  cooling,  feparating,  or  at  all 
difturbing  the  mercury,  or  moving  the  inftrument,  may  this 

* when  this  tube  is  clofed  (not  hermetically,  but  only  fo  as  to  prevent  the 
fphit s evaporating)  the  thermometer  mull  be  brought  to  the  greateft  heat  it  is 
likely  at  any  time  after  to  fuMn  ; and  though  no  more  air  is  incited  than  what 
remains  at  that  time  above  the  fpirits,  yet  that  will,  by  its  elafticity  prefiing  on 
the  fluid,  anfvver  every  purpofe  as  well  as  if  the  external  air  was  freely  admitted. 
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thermometer,  without  a touch,  be  immediately  rectified  for 
another  obfervation.  When  I wifh  to  put  the  thermometer 
out  of  my  hand,  without  hanging  it  up,  I have  a hand  to 
place  it  on  ; for  if  the  mercury  prefies  againft  the  index,  while 
the  inftmment  lies  in  an  horizontal  pofition,  it  is  in  danger  of 
palling  by  it,  which  is  avoided  by  keeping  the  thei  mometer  irt 
a pofition  nearly  vertical.  To  prevent  the  mercury  fluffing  its 
place  in  the  fpirits  within  the  tube  (which  I apprehended  it 
might  do  on  account  of  the  fuperiority  of  its  fpecific  gravity, 
efpecially  when  kept  for  a confiderable  time,  very  high  on  one' 
fide,  and  low  on  the  other),  l made  that  part  of  the  fmall  tube' 
from  e to/ with  the  inner  diameter  exceeding  fmall ; and  found,, 
upon  trial,  that  after  the  fummer’s  heat  had  kept  the  mercury 
for  a long  time  high  on  one  fide,  the  winter’s  cold  brought  it 
again  as  accurately  to  the  freezing  point  on  the  other  a3  at 
rirfl:*.  This  thermometer  may  be  made  a mercurial  one  by 
inverting  the  glafs,  and  filling- with  mercury  that  part  which 
in  the  firfl:  is  filled  with  fpirits,  and  with  fpirits  that  part  of 
the  fmall  tube  from  d to  g which  m the  former  is  filled  with 
mercury  ; the  indexes  in  either  cafe  may  be  the  fame,  and  w ill 
be  carried  up  in  the  lame  manner  upon  the  fur  face  of  the  mer- 
cury ; but  the  end  of  the  tube  at  /,  inflead  of  being  fealed^ 
mull  then  be  left  open,  and  hand  inverted  in  a bulb,  or  fmall- 
ciftern  of  mercury,  into  which  the  external  air  has  free  accefs. 
The  diameter  of  the  tube  ab  fhould  be  confiderably  mcrealed 
if  the  degrees  on  the  fcale  are  required  to  be  as  wide  as  thofe  in 
the  fpirit  thermometers.  It  is  indeed  better  in  this  cafe  to 
have  a double  rather  than  a larger  Angle  tube ; but  finding  the 
weight  of  fo  great  a quantity  of  mercury  in  a thin  glafs  tube 

* With  a thermometer  of  this  fort  I obferved  the  greateft  heat  and  cold  that 
happened  every  day  and  night  throughout  the  year  1781. 
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attended  with  many  difad  vantages,  and  the  motion  of  the  Quids 
in  the  fpirit-ones  perfectly  agreeing  with,  and  being  as  readily 
excited  by  change  of  heat  and  cold,  as  in  the  mercurial  ther- 
mometers, I preferred  the  former  as  much  more  commodious. 
A perfon  cannot  approach  near  to  the  thermometer  firft  de- 
fended when  the  air  is  very  cold  (efpecially  with  a light  which 
by  night  is  neceffary)  without  caufing  the  fpirits  prefently  to 
expand,  and  confequently  the  mercury  on  the  left  fide  imme- 
diately to  defeend.  This  fenfibility  is  here  attended  with  every 
advantage,  without  the  inconvenience  to  which  common  ther- 
mometers in  this  cafe  are  liable  * ; for  the  index  will  accurately 
fhew  the  greated:  height  to  which  the  mercury  had  rifen, 
although,  before  the  exadt  degree  can  well  be  didinguilhed,  it 
will  appear  feparated  from  the  index,  and  defeending  apace. 
As  the  fcale  is  fixteen  inches  long,  and  divided  into  ioo°  only, 
which  are  more  than  fufficient  for  the  temperature  of  the  air, 
they  are  large  enough  to  be  fub-divided  at  plealure.  The 
indexes,  though  of  a tender  and  delicate  nature,  when  once 
placed  in  the  tube,  are  not  liable  to  fuffer  any  alteration  by 
time  or  accident ; and  the  thermometer  may  be  expofed  to  rain 
at  all  times,  without  buffering  the  lead:  injury  in  any  refpedt. 

In  condrudting  the  thermometer  before  mentioned,  1 at  drd: 
hit  on  a plan  by  which  the  fame  end  was  obtained  by  a dif- 

* The  moft  fenfible  mercurial  thermometers  commonly  have  the  column  of 
mercury  as  well  as  the  degrees  very  fmall,  and  a perfon  aflifted  with  a light  can 
hardly  view  them  near  enough,  when  the  weather  is  very  cold,  without  caufing 
the  mercury  to  rife  before  the  degrees  where  it  flood  can  be  well  afeertained. 

Freezing  fogs  alfo,  which  with  us  ufually  attend  the  greateft  degrees  of  cold, 
by  covering  the  glafs  with  froft,  render  the  mercury  invifible,  and  cannot  well  be 
mercury  removed  without  caufing  the  to  rife,  or  at  leaft  render  the  obfervation 
doubtful,  which  at  iuch  a time  is  very  dilagreeable  ; for,  in  proportion  to  the 
extraordinary  degree  of  cold,  fo  is  our  curio flty  likely  to  be  excited. 
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ferent  method;  and  though,  in  home  refpecls,  and  for  home 
purpofes,  it  may  not  be  io  proper  as  that  already  defcnbed,  vet, 
for  home  others,  it  may  be  found  ufeful,  and  therefore  I fhali 
briefly  defcribe  it.  The  glafs  of  this  inftrument  is  in  all  refpe&s 
the  fame  as  in  the  former,  excepting  that  the  diameters  of  the 
tubes  are  fomething  larger.  It  is  likewife  filled  with  fpirits  of 
wine  and  mercury,  in  the  fame  manner;  but  the  indexes  are 
different,  being  only  a fmali  tube  of  black  glafs,  about  'five- 
fevenths  of  an  inch  in  length,  hermetically  fealed  at  each  end, 
containing  a piece  of  fteel  wire.  An  index  of  this  fort  is 
placed  in  the  thermometer  on  either  fide,  which,  having  no 
fpring  to  fupport  them,  fink  down  in  the  fpirits,  and  reft  upon 
the  mercury.  Whenever  the  mercury  defcends,  the  index  will 
follow  it ; but  when  it  rifes,  the  index  will  not  rife  with  it, 
and  by  remaining  at  the  place  to  which  the  mercury  had  de- 
fended, will  (hew  the  greateft  degree  of  heat  or  cold  which 
had  happened.  In  this  manner  do  thefe  indexes  an  five  r the 
fame  purpofe,  though  they  move  direftly  contrary  to  the  others 
in  the  other  thermometer ; but  this  inftrument  is  not  fo  eaAly 
rectified  as  the  former,  for  the  moft  powerful  magnet  will  not 
bring  the  index  up  again  while  the  mercury  above  prefles 
again  ft  them ; and  although  it  is  poAible  to  remove  the  mer- 
cury, and  by  that  means  fet  the  index  at  liberty,  yet  inconve- 
niences will  be  incurred  from  which  the  other  is  entirely  free. 

In  fome  cafes  it  may  be  found  expedient,  inftead  of  the  clou* 
ble  thermometer  firft  deferibed,  to  make  two  Angle  ones  ; one 
to  fhew  the  greateft  degree  of  heat  only,  and  the  other  the 
cold,  each  having  its  proper  index  (fee  Ag.  4.  and  5.).  The 
Arft  has  the  fmali  tube  bent  down  on  the  left  fide,  and  the 
lower  end  immerfed  in  a bulb  or  Imall  ciftern  ot  mercury,  to 

which  the  external  air  has  free  accefs ; the  other  has  the  fmali 

tube 


an  improved  Thermometer,  jq 

tube  turned  up  on  the  right  fide,  with  fome  mercury  let  down 
to  the  bottom,  and  the  upper  endclofely  healed,  as  in  the  don* 
ble  inftrument.  Making  a-  ftandard  mercurial  thermometer, 
by  which  the  fcale  o£  the  fpirit  one  was  to  be  divided,  I en- 
deavoured to- obtain  as  wide  degrees  as  pofiible,  that  the  motion 
of  the  mercury  might  thereby  be  rendered  more  confpicuous, 
and  the  height  of  it  afcertained  with  greater  prccifion.  It  is* 
true,  the  larger  the  degrees,  the  larger  in  fome  meafure  mu  ft  be. 
the  bulb,  and  therefore  the  fluid  contained  in  it  not  likely  to  be. 
fofoon  affected  by  any  change  of  heat  or  cold  in  the  atmolphere 
as  in  a i maker.  But  as  this  thermometer  was  principally  to 
be  ufed  immerfed  in  a large  quantity  of  water,,  gradually  heat- 
ing or  cooling,,  little  or  no  difadvantage  could  arile  from 
making  the  bulb  fomewhat  larger  than  thofe- commonly  made 
ufe  of  in  the  air.  Not  being  able,,  however,.,  to  procure  glafs 
tubes  fo  long  as  I had  occasion  for,  whole  inner  diameters  were 
perfecdy  equal,  1 took  the  following  method  to  adjuft  the  divi- 
fions  on  the  Icale  to  the  inequality  of  the  tubes.  Choofmg  a 
tube  of  a length  fuitable  to  my  purpofe,  with  a proper  bulb  at 
the  end,  J put  into  it  a fmall  quantity  of  mercury  * fufficient 
to  form  a column  about  one  inch  in  length.  Drawing  then  on 
a board  the  three  lines  aa,  bh , cc,  fig.  6.  I placed  the  glafs. 
tube  on  the  line  aa,  and  while  the  mercury  remained  at  reft  at 
the  end  of  the  tube,  near  the  bulb,  I made  two  pencil  marks, 
on  the  line  aa,  one  at  d,  and  the  other  at  e , perfectly  coin- 

* To  put  in. a fmall  quantity  of  mercury,  and  meafure  its  length  at  different 
parts  of  the  tube,  as  defcribed  by  Abbe  nollet,  vol.  IV.  p.  370.  Lecons  Pay- 
fique,  is  a very  excellent  method  to  difcover  the  error  ; but  in  what  manner  readily 
to  adjuft  the  fcale,  fo  as  to  avoid  any  inaccuracy  from  fuch  inequality  (which  in. 
tubes  of  the  length  I had  occafion  for  feerned  to  me  unavoidable)  was  a matter 
concerning  which  I could  meet  with  no  information, 

ciding 


80  Mr.  six’s  Account  of 

ciding  with  the  two  ends  of  the  column  of  mercuiy : then 
caufing  the  mercury  to  move  (lowly  on  farther  from  the  bulb, 
till  that  end  of  the  column  which  was  firft  at  d coincided  with 
the  mark  at  e,  and  letting  it  reft  again,  1 made  another  maik 
at  /;  after  which,  caufing  the  mercury  to  move  on  as  before, 
and  continuing  to  mark  its  length  at  every  part  of  the  tube  till 
it  reached  the  end  fartheft  from  the  bulb  ; by  thefe  means  I 
obtained  the  feveral  intermediate  points  on  the  line  aa.  Through 
thefe  feveral  points  I drew  dotted  lines  parallel  to  each  other, 
and  at  right  angles  with  the  line  aa  to  the  line  bb.  Taking 
now,  with  a pair  of  compares,  the  wideft  intervals  between 
any  of  the  dotted  parallels,  which  in  this  cafe  is  fiom  d to 
I inferted  that  diftance  fucceffively  between  the  feveral  paral- 
lels, beginning  at  the  loweft  pair,  as  from  d to  e,  from  e to/, 
from  / to  g,  and  fo  on  to  /3,  as  exhibited  in  the  figure;  and 
the  aggregate  of  thefe  lines  may  be  confidered  as  one  continued 
line,  without  any  error  of  conlequence  in  this  mattei.  Having 
now  the  thermometer  completely  filled  with  mercury,  the  air 
expelled,  the  point  of  the  fcale  at  102°,  and  the  freezing  point 
properly  taken  * and  marked  upon  the  tube,  which  was  now 
hermetically  fealed,  I again  applied  the  tube  to  the  line  aa, 
and  marked  on  that  line  the  point  of  102°  and  the  freezing 
point.  Through  tliofe  points  I drew  the  lines  //,  kk9  and 
divided  that  part  of  the  compound  line  db  included  between  11 

* The  freezing  point,  marked  on  the  tube  of  this  thermometer,  is  immediately 
taken  by  means  of  grated  ice  ; but  the  point  of  -ioo°  by  a ftandard  mercurial 
thermometer,  the  upper  point  of  the  fcale  of  which  was  properly  taken  by  boiling 
water,  and  the  lower  one  by  grated  ice  ; but  it  is  m«re  commodious  in  the  firft  to 
have  the  tube  no  longer  than  the  air  fcale,  efpccially  as  the  degrees  are  pietty 
wide.  The  method  of  a dj lifting  the  fcale  to  the  inequality  of  the  tube  remains 
the  fame,  let  the  given  points  be  at  any  diftance,  or  the  divifions  inueafed  to  any 
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and  kk  into  1 4 equal  parts,  beginning  at  0,  the  point  where  il 
cuts  the  line  dh,  continuing  afterward  fix  diviiions  now  on 
that  line  below  kk,  making  in  all  20  equal  divifions.  If  now 
lines  be  drawn  through  each  of  the  dividing  points,  from  0 to 
20  to  the  line  cc,  at  right  angles  with  the  fame,  they  will  give 
on  the  line  cc  the  true  thermometrical  fcale  to  every  50  from  2 
to  102,  properly  adjufted  to  the  inequality  of  the  tube*,  which 
in  this  cafe  is  nearly  of  the  fame  diameter  at  each  end,  but 
fmaller  towards  the  middle.  Tubes  may  indeed  be  found  of 
fome  conliderable  length  witli  lefs  inequality  than  what  this 
fcale  exhibits;  but  the  error  is  here  enlarged,  to  render  the 
method  of  correcting  it  more  confpicuous. 


* Experimentally  to  prove  this  method  I have  made  mercurial  thermometers, 
whole  lcales  from  the  freezing  point  to  that  of  boiling  heat  were  nearly  three 
feet,  and  though  the  inequalities  of  the  tubes  were  very  confiderable,  varying  in 
contrary  diredtions  to  each  other;  yet  when  they  were  placed  on  the  fame  frame, 
they  perfectly  agreed  in  a motion  of  the  mercury  in  every  part  of  their  fcales. 


Vor..  LXX1I. 
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XI.  On  the  Parallax  of  the  Fixed  Stars.  By  Mr.  Herfchel, 
F.  R.  S.  ; communicated  by  Sir  Jofcph  Banks,  Bart.  P . R.  S. 


O find  the  diftance  of  the  fixed  bars  has  been  a problem 


which  many  eminent  afbronomers  have  attempted  to 
Solve ; but  about  which,  after  all,  we  remain  in  a great  mea- 
fure  hill  in  the  dark.  Various  methods  have  been  purfued 
without  fuccefs,  and  the  refult  of  the  fineft  obfervations  has 
hardly  given  us  more  than  a diffant  approximation,  from  which 
we  may  conclude,  that  the  neareft  of  the  fixed  bars  cannot  be 
lefs  than  forty  thoufand  diameters  of  the  whole  annual  orbit  of 
the  earth  diftant  from  us.  Trigonometry,  by  whofe  powerful 
abidance  the  mathematician  has  boldly  attended  into  the  pla- 
netary regions,  and  meafured  the  diameters  and  orbits  of  the 
heavenly  bodies,  for  want  of  a proper  bafe,  can  here  be  but  of 
little  fervice ; for  the  whole  diameter  of  the  annual  orbit  of 
the  earth  is  a mere  point  when  compared  to  the  immenfe  dis- 
tance of  the  bars.  Now,  as  it  is  not  in  our  power  to  enlarge 
this  bafe,  we  can  only  endeavour  to  improve  the  inftruments 
by  which  we  meafure  its  parallax. 

There  are  two  things  requifite  for  measuring  extremely 
Small  angles  with  accuracy.  Firft,  that  the  inftrument  we  uSe 
for  this  purpoSe,  be  it  quadrant,  Scdor,  or  micrometer,  fhould 
be  divided  and  executed  with  Sufficient  exadneSs  ; and,  Se- 
condly, that  the  telefcope,  by  which  the  observations  are  to  be 
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made,  fhould  have  an  adequate  power  and  difiin  chiefs.  Upon 
the  firft  head,  the  great  improvements  of  mathematical  inflru- 
ment-makers  have  hardly  left  us  any  thing  to  define  : we  can 
now  meafure  feconds  with  almoft  as  much  facility  and  truth  as 
former  obfervers  could  meafure  minutes  ; nor  do  I think  it  im- 
poflible  to  go  hill  further,  and  divide  inftruments  that  would 
fhew  thirds  with  fufficient  accuracy.  It  is  in  the  latter,  or 
optical  part,  we  find  the  greateft  difficulty.  To  lee  a tingle 
fecond  of  a degree  with  precilion  requires  a telefcope  of  very 
great  perfection  ; therefore,  fuppofing  the  mechanical  part  of 
an  apparatus  well  executed,  it  will  hill  be  necellary  to  try  how 
far  the  power  of  our  telefcope  will  enable  us  to  afeertain  with 
confidence  the  divifion  or  number  of  feconds  it  points  out.  If 
upon  trial  we  find  that  our  inftrument  will  give  us  the  fame 
meafure  within  the  fecond,  every  time  the  experiment  is- re- 
peated, we  may  pronounce  it  capable  of  meafuring  feconds ; 
if  otherwife,  it  will  remain  to  be  examined,  whether  the  fault 
lies  in  the  mechanical  or  optical  part. 

Let  us  now  fuppofe  that  the  parallax  of  the  fixed  flats  does 

4 

not  amount  to  a fingle  fecond,  yet  flill  the  cafe  is  by  no  means 
defperate  ; and  though  the  difficulty  of  meafuring  feconds  will 
foon  fuggeft  to  us  what  extraordinary  powers  and  diftin chiefs  of 
the  telefcope,  and  accuracy  of  the  micrometer,  are  required  to 
meafure  thirds  ; this  ought  by  no  means  to  dilcourage  us  in 
the  attempt.  Could  we  meafure  angles,  much  fmailer  than 
feconds,  might  we  not  hope  to  find  the  parallax  of  fome  of  the 
fixed  ftars  at  leaf  to  amount  to  feveral  thirds  ? On  the  other 
hand,  if  it  fhould  appear,  indeed,  that  even  with  finch  im- 
proved methods  of  ineafiurement  -we  could  not  reach  the 
remote  fituation  of  iuch  almoft  infinitely  diftant  funs,  we 
anight  flill  derive  a valuable  approximation  towards  truth  from 
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fuch  repeated  obfervations,  even  though  they  fhould  not  be 
attended  with  all  the  luccefs  we  expedled  from  them.  On  this 
aflu  ranee,  I endeavoured  to  take  fuch  a method  for  attempting 
the  invefligation  of  the  parallax  of  the  ffars  as  to  avail  myfelf 
of  the  improvements  I had  already  made,  and  was  llill  m hopes 
of  making,  in  my  telefcopes. 

The  next  thing  that  was  neceflary  to  confider  in  this  under- 
taking  Vvras,  the  manner  of  putting  it  into  execution.  The 
method  pointed  out  by  galileo,  and  firft  attempted  by  hook, 
flamstead,  molineux,  and  Bradley,  of  taking  diflances 
of  ffars  from  the  zenith  that  pafs  very  near  it,  though  it 
failed  with  regard  to  parallax,  has  been  productive  of  the  moft 
noble  diicovenes  of  another  nature.  At  the  fame  time  it 
has  given  us  a much  jufler  idea  of  the  immenfe  difhmee 
of  the  ffars,  and  furnifhed  us  with  an  approximation  to  the 
knowledge  of  their  parallax  that  is  much  nearer  the  truth  than 
we  ever  had  before.  Dr.  Bradley,  in  a letter  to  Dr.  h alley 
on  the  fubjedt  of  a new  difeovered  motion  of  the  fixed  ffars, 
favs,  “ 1 believe  I may  venture  to  fay,  that  in  either  of  the 
two  ffars  laff  mentioned  (jy  Draconis  and  vj  Uifie  majoii.s^  it 
ti  (the  annual  parallax)  does  not  amount  to  2 . I am  of  opi- 
“ nion,  that  if  it  were  i"  I fhoulu  have  perceived  it  in  the 
“ great  number  of  obfervations  that  I made,  efpecially  upon 
“ y Draconis  ; which  agreeing  with  the  hypothecs  (without 
“ allowing  any  thing  for  parallax)  nearly  as  well  when  the 
“ fun  was  in  conjundfion  with,  as  in  oppofition  to,  this  ftar, 
« it  feems  very  probable,  that  the  parallax  of  it  is  not  fo  great 
u as  one  fingle  fecond.”  Phil.  Irani,  n.  4°6*  p*  637*  Dec. 
1728  As  I do  not  know  that  any  thing  more  decifive  has 
been  done  upon  the  fubjedf,  it  will  not  be  amifs  to  fee  how  far 
this  method  of  finding  the  parallax  has  really  been  luccefsful. 

The 
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The  inftrument  that  was  ufed  upon  this  occafton  was  the  fame 
as  the  prefent  zenith  fedtors,  which  can  hardly  be  allowed  fuf- 
ficient  to  (hew  an  angle  of  one  or  even  two  feconds  with 
accuracy  ; yet,  on  account  of  the  great  number  of  oblerva- 
tions,  and  above  all  the  great  fagacity  of  the  obferver,  we 
will  admit  that  if  the  parallax  had  amounted  to  two  feconds  he 
would  have  perceived  it.  The  ftar  on  which  thefe  obiei  vauons 
were  made  is  marked  of  the  third  magnitude  in  the  catalogue 
of  PTOLEMY  ; in  tyciio  brafie’s  of  the  third;  in  the  Prince 
of  hesse’s  of  the  third;  in  hevelius’s  between  the  third  and 
fecond  ; in  flamstead’s  of  the  fecond  ; and  now  appears  as  a 
very  bright  ftar  of  the  third,  or  imall  ftar  or  the  ftcond  mag- 
nitude; therefore  its  parallax  is  probably  confideiably  leis  than 
that  of  a ftar  of  the  firft  magnitude.  Several  authors  who 
have  touched  upon  this  fubjedt  leem  to  have  ovei looked  this 
diftindtion;  and  from  Dr.  bradley’s  account  of  the  parallax 
of  7 Draconis,  have  concluded  the  parallax  of  the  ftars  in  gene- 
ral not  to  exceed  ; but  this  appears  to  me  by  no  means  to  fol- 
low from  the  dodtor’s  obfervations.  It  is  rather  evident  that,  tor 
aught  we  know  to  the  contrary,  the  ftars  of  tne  hi  ft  magni- 
tude may  ftill  have  a parallax  of  feveral  feconds  ; and  I believe 
this  to  be  as  accurate  a refult  as  that  method  is  capable  of  giv- 
ing, at  leaft  in  latitudes  where  there  is  not  a ftar  of  the  firft 

magnitude  that  paffes  directly  through  the  zenith  ; . 
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* PE  la  LANDE,  in  his  excellent  book  of  Agronomy,  fays,  that  the  parallax 
of  the  fixed  liars  has  been  proved  to  be  abfolutely  infenfible  (Aft.  liv.  XVI. 
e 2-g,  \ jye  reports  the  obfervations  of  tycho  brahe,  picard,  hook,  and 
flamstead,  and  concludes  (§  277S.)  from  the  difcovery  of  the  aberration  by  Dr. 
bradley  (which  it  feems  he  alfo  allows  to  be  the  moil  decifive  upon  the  fubjecft) 
that  now  the  qucftion  about  parallax  is  refolved.  In  giving  us  the  opinion  which 
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In  general,  the  method  of  zenith  diftances  labours  under 
the  following  confiderable  difficulties.  In  the  firft  place,  all 
thefe  diftances,  though  they  fhould  not  exceed  a few  degrees, 
are  liable  to  refra&ions  ; and  I hope  to  be  pardoned  when  I fay 
that  the  real  quantities  of  thefe  refractions,  and  their  differences, 

the  doctor  had  of  the  refult  of  his  own  obfervations  with  regard  to  the  annual 
parallax,  de  la  landf.  only  mentions  “ M.  erabley  penfe  que  ii  elle  (la 
“ parallaxe)  eut  ete  feulement  de  i"  il  l’auroit  appercue  dans  le  grand 
“ nombre  d’obfervations  qu’il  avoit  faites,  furtout  de  y du  Dragon.”  But 
if  ue  all'o  take  in  thofe  lines  upon  which  Dr.  bradley  feems  to  lay  the 
greateft  ftiefs,  viz.  “ I believe  1 may  venture  to  fay,  that  in  either  of  the 
“ tvvo  ^ars  mentioned  it  does  not  amount  to  two  feconds;”  and  if  we 
allow  for  the  magnitude  of  the  liars  upon  which  the  obfervations  were  made,  I 
think  I have  iaulv  dated  the  full  amount  of  all  the  a£tual  proofs  we  have  of  the 
ffnallnefs  of  the  annual  parallax.  Now,  fmee  rt  has  cfcaped  the  fined  obfervations 
ol  bradley,  it  is  not  likely  that  it  fhould  come  up  to  the  full  quantity  to  which 
it  n ight  amount  without  being  perceived ; and  therefore  the  doftor  might  think 
it  highly  probable,  “ that  it  is  not  fo  great  as  one  fingle  fecond  and  his  opi- 
nion, as  well  as  de  la  lande’s,  who  believes  it  to  be  abfolutely  infenfible,  are 
perfectly  confident  with  all  the  obfervations  that  have  hitherto  been  made  ; though 
the  actual  proofs , which  are  the  fubjed  of  our  prefent  inquiry,  do  not  extend  fo 
far.  Againd  the  parallax  of  Sirius  de  la  lande  (§  2781.)  mentions  “ forty- 
■“  five  meridian  altitudes  taken  by  Dr.  bevis  [a],  with  the  eight-feet  mural  qua- 
“ drant  of  the  Royal  Obfervatory  at  Greenwich,  none  of  which  differed  3 or  4" 

“ from  the  mean  altitude.”  Now,  if  they  differed  3 or  4"  from  the  mean  we 
may  fuppofe  they  differed  6 or  8"  from  each  other  ; and  that  obfervations,  fubject 
to  fo  many  caufcs  of  error  as  I fhall  prefently  enumerate,  and  which  differed  fo 
much  from  each  other,  cannot  give  the  lead  evidence  either  for  or  againd  a paral- 
lax, will  need  no  proof.  Refra&ion  alone,  which  is  liable  to  fuch  changes  at  the 
meridian  altitude  -of  Sirius,  notvvithdanding  the  mod  careful  obfervations  of  the 
barometer  and  thermometer  fhould  be  made  to  afeertain  its  quantity,  would, 
with  me,  remain  an  unanfwerable  argument  againd  the  validity  of  fuch  obferva- 
tions in  a lubjed  of  this  critical  nicety. 

p]  Thefe  obfervations  were  not  made  by  Dr.  bevis,  but  extracted  from  the  regifters  of  the  Royal 
"Obfervatory  at  my  defire,  and  calculated  by  myfelf,  and  lent  in  a letter  by  Dr,  bevis  to  Paris. 
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are  very  far  from  being  perfectly  known.  Secondly,  the 
change  of  pofition  of  the  earth’s  axis  arifing  from  nutation, 
preceffion  of  the  equinoxes,  and  other  caufes,  is  fo  far  from 
being  completely  fettled,  that  it  would  not  be  very  eafy  to  fay 
what  it  exactly  is  at  any  given  time.  In  the  third  place,  the 
aberration  of  light,  though  be  ft  known  of  all,  may  alfo  be 
liable  to  fome  fmall  errors,  fince  the  oblervations  from  which  it 
was  deduced  laboured  under  all  the  foregoing  difficulties.  I do 
not  mean  to  fay,  that  our  theories  of  all  thefe  caufes  of  error 
are  defective  ; on  the  contrary,  I grant  that  we  are  for  moft 
agronomical  purpofes  fufficiently  furniffied  with  excellent  tables 
to  correct  our  obfervations  from  the  above  mentioned  errors. 
But  when  we  are  upon  lb  delicate  a point  as  the  parallax  of  the 
ftars  ; when  we  are  inveftigating  angles  that  may,  perhaps,  not 
amount  to  a fingle  fecond,  we  muft  endeavour  to  keep  clear  of 
every  poffibility  of  being  involved  in  uncertainties  ; even  the 
hundredth  part  of  a fecond  becomes  a quantity  to  be  taken 
into  confideration. 

I lhall  now  deliver  the  method  I have  taken,  and  fhew  that 
it  is  free  from  every  error  to  which  the  former  is  liable,  and  is 
ffill  capable  of  every  improvement  the  telefcope  and  mecha- 
nifm  of  micrometers  can  furnifh. 

Let  OE  (fig.  1 .)  be  two  oppofite  points  of  the  annual  orbit,, 
taken  in  the  fame  plane  with  two  ffars  h,  of  unequal  magni- 
tudes. Let  the  angle  a Ob  be  obferved  when  the  earth  is  at 
O : and  let  the  angle  aF,h  be  alfo  obferved  when  the  earth  is 
at  E.  From  the  difference  of  thefe  angles,  if  any  Ihould  be 
found*  we  may  calculate  the  parallax  of  the  flars,  according  to 
a theory  that  will  be  delivered  hereafter.  Thefe  two  ftars,  for 
reafons  that  will  foon  appear,  ought  to  be  as  near  each  other  as 
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poffible,  and  alfoto  differ  as  much  in  magnitude  as  we  can  find 

them. 

Galileo,  I believe,  was  the  firft  who  fuggefted  this  me- 
thod  ; but  in  the  manner  lie  mentions  it  in  his  third  dialogue 
of  the  Syjhma  Cofmicum , it  would  be  expofed  to  all  the  difficul- 
ties we  have  enumerated,  and  would  wiffi  to  avoid  ; for  he  does 
not  obferve,  that  the  two  ftars  fhould  be  lo  near  each  other  as 
thereby  to  preclude  the  influence  of  every  caufe  of  error. 

This  method  has  alfo  been  mentioned  by  other  authors  ; and 
we  find  that  Dr.  long  obferved  the  double  ftar  which  is  the 
firff  of  Aries  in  ptolemy’s  catalogue;  that  in  the  head  of 
Caff  or  ; the  middle  one  in  the  lword  of  Orion  ; and  that  in  the 
bread  of  Virgo,  with  telefcopes  of  fourteen  and  feventeen  feet, 
and  “ was  perfuaded  they  would  be  found  always  to  appear 
“ the  fame.”  But  when  the  theory  of  parallax  will  be  ex- 
plained, it  will  be  feen  that  every  one  of  thefe  ftars  are  totally 
improper  for  the  purpofe  ; for  the  ftars  of  y Arietis  are  near  io" 
diftant  from  each  other,  and  moreover  equal  in  magnitude.  In 

Geminorum  the  ftars,  though  near  enough,  do  not  fuffi- 
ciently  differ  in  magnitude  to  fhew  any  parallax.  The  ftars  in 
the  Nebula  of  Orion,  on  account  of  their  extreme  fmallnefs  or 
diftance,  are  ftill  more  improper  than  any;  and  tliofe  of  y Vir- 
ginis  are  equal  in  magnitude. 

I do  not  find  that  any  thing  elfe  has  been  done  upon  the  fub- 
jedt.  Galileo  juftly  remarks,  that  fuch  obfervations  ought  to 
be  made  with  the  heft  telefcopes,  and  upon  this  occafion  mentions 
the  power  of  his  own,  which  enlarged  the  difk  of  the  fun  a 
thousand  times,  from  which  we  find  it  magnified  about  thirty- 
two  times  ; but  we  can  hardly  think  his  nor  even  Dr.  long’s, 
whofe  power  might  probably  be  fixty  or  leventy,  fufficient  for 
the  purpofe.  What  would  galileo  fay,  if  he  were  told  that 
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our  prefent  opticians  make  infruments  that  enlarge  the  difk  of 
the  fun  above  forty  thoufand  times  ? What  would  even  cassini 
fay,  if  he  were  to  view  the  firft  far  of  Aries,  which  appeared  to 
him  as  fplit  in  two,  through  a telefcope  that  will  fhew  y Co - 
ronae  borealis  and  h Draconis  to  be  double  f ars  ? 

But  to  proceed,  I fhall  now  prove  that  this  method,  if  f ars 
properly  ftuated  (fuch  as  I have  found)  are  taken,  is  free  from 
all  the  errors  occafioned  by  refraction,  nutation,  preceflion  of 
the  equinoxes,  changes  of  the  obliquity  of  the  ecliptic,  and 
aberration  of  light ; and  that  the  annual  parallax,  if  it  even 
fhould  not  exceed  the  tenth  part  of  a fecond,  may  fill  become 
vifible,  and  be  afcertained  at  leaf  to  a much  greater  degree  of 
approximation  than  it  ever  has  been  done. 

It  will  alfo  appear,  from  the  great  number  of  obfervations  I 
have  already  made  upon  feveral  double  f ars,  efpecially  e Bootis, 
that  we  can  now  with  much  greater  certainty  affirm  the  annual 
parallax  to  be  exceedingly  fmall  indeed ; and  that  there  is  a 
great  probability  of  fucceeding  fill  farther  in  this  laborious 
but  delightful  refearch,  fo  as  to  be  able  at  laf  to  fay,  not  only 
how  much  the  annual  parallax  is  not , but  how  much  it  really 
is. 

Let  there  be  two  f ars  at  a dif  ance  from  each  other,  not  ex- 
ceeding five  feconds ; fuppofe  them  to  be  obferved  at  an  altitude 
of  20° and  let  them  be  fo  fituated  with  refpeCt  to  each  other, 
that  one  of  them  may  be  20°,  and  the  other  20°  and  5"  high  : 
then  the  whole  effect  of  mean  refraction  at  that  altitude,  by  Dr. 
maskelyne’s  excellent  tables,  will  be  z'  35",$  for  20%  and 
z'  35//,4888  for  20°  3".  The  difference  i'so'^oiii.  Now,  in 
the  firff  place,  we  have  nothing  to  do  with  the  refraCtion  itfelf, 
fince  the  real  altitude  of  the  f ars  is  not  in  queff ion.  In  the 
next  place,  we  alfo  have  no  concern  with  the  difference  of  refrac- 
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tion  between  the  two  Stars,  though  no  more  than  the  ,01 1 ith 
part  of  a fecond,  becaufe  the  real  diftance  between  the  two  Stars  is 
not  required.  It  follows  then,  that  thefe  obfervations  can  only 
be  affeCted  by  the  difference  of  the  difference ; that  is,  by  an 
alteration  in  the  quantity  of  refraction  occasioned  by  the  change 
of  heat  and  cold,  or  weight  of  the  atmofphere,  and  pointed 
out  to  us  by  the  rife  and  fall  of  the  barometer  and  thermome- 
ter. Let  us  then  fee  what  this  difference  of  the  difference  may 
amount  to.  Suppofe  a change  of  2 2°  of  Fahrenheit’s  ther- 
mometer, that  is,  from  the  freezing  point  to  the  moderate  air 
of  a fummer’s  night,  and  a difference  of  an  inch  in  the  height 
of  the  barometer ; thefe  two  caufes  both  confpiring,  which 
does  not  often  happen,  may  occafion  an  alteration  of  ,00096th 
part  of  a fecond  in  five,  at  an  altitude  of  20° ; but  this  being 
lefs  than  the  thoufandth  part  of  a fecond  may  fafely  be  rejected 
as  a quantity  altogether  infenfible. 

Since  it  may  not  be  always  convenient  to  view  thofe  Stars  at 
the  altitude  of  20°,  it  remains  to  fee  what  effeCt  different  alti- 
tudes may  have  : let  us  then  make  the  moSt  unfavourable  fup- 
pofition,  that  they  may  one  time  be  feen  in  a horizontal  por- 
tion, having  before  been  feen  vertical.  In  this  cafe,  as  the 
whole  difference  of  refraction  in  a difference  of  5"  of  altitude 
Is  no  more  than  ,0111,  provided  they  are  obferved  not  lower 
than. 200,  and  the  whole  difference  of  the  difference  of  refrac- 
tion is  only  ,0009;  the  fum  ,012,  when  both  confpire,  not 
exceeding  much  the  hundredth  part  of  a fecond,  may  ff ill  be 
rejedted  as  infenfible.  Let  us  alfo  examine  how  near  the  hori- 
zon it  may  be  fafe  to  obferve  fuch  Stars.  At  iop,  for  in  Stance, 
the  refradtion  is  5'  14'', 6 ; the  difference  for  5"  is  ,0388  ; the 
joint  effeCt  of  the  changes  in  the  barometer  and  thermometer  is 
,0034 ; the  fum  of  the  whole  together  amounts  to  ,0422,  which 
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is  lefs  than  half  the  tenth  of  a fecond  : now  this  may  either 
be  taken  into  conflderation,  or  fuch  low  obfervations  may  be 
avoided,  as  being  by  no  means  neceflary,  and  but  ill  fiuting 
the  high  powers  a telefcope  proper  for  this  purpofe  ought  to 
bear. 

The  change  of  polition  of  the  earth’s  axis  I look  upon  as  an 
unfurmountable  obftacle  to  taking  the  parallax  of  ftars  by  the 
method  of  zenith  diftances  : for  though  refraction  is  much  re-  * 
duced  in  the  zenith,  this  change  is  there  no  lefs  fenfible  than  in 
other  parts  of  the  heavens ; but  as  this  will  always  afFeCt  our 
two  bars  exactly  alike,  we  are  entirely  freed  from  this  embar- 
raffment. 

The  aberration  of  light  can  have  no  influence  of  the  leaft 
conflderation  upon  our  two  ftars,  as  a mere  infpeCtion  of  the 
tables  will  (hew.  In  a whole  degree,  its  effects,  when  greateft, 
amount  but  to  four-tenths  of  a fecond,  and  confequently  in 
$"  to  no  more  than  ,0005,  or  the  two  thoufandth  part  of  a 
fecond. 

Obfervations  of  the  relative  diftance  of  the  two  ftars  that 
make  up  a double  ftar,  being  thus  cleared  of  every  impedi- 
ment, are  capable  of  being  continually  improved  by  every  de- 
gree of  perfection  the  telefcope  may  acquire:  we  can  chufe 
ftars  that  may  be  viewed  fufftciently  high  to  be  clear  of  the 
vapours  that  fwim  near  the  horizon,  and  confequently  employ 
the  greateft  powers  our  inftruments  are  capable  of.  From 
experience  I can  alfo  affirm,  that  the  ftars  will  bear  a much 
higher  degree  of  magnifying  than  other  celeftial  objeCts.  Too 
much  has  hitherto  been  taken  for  granted  in  optics  : every  na- 
tural philofopher  is  ready  enough  to  allow  the  neceffity  of 
making  experiments,  and  tracing  out  the  fteps  of  nature  ; why 
this  method  Ihould  not  be  more  purfued  in  the  art  of  feeing 
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does  not  appear.  Theories  are  only  to  be  ufed  when  proper 
data  are  afligned ; but  the  data  are  carefully  to  be  re-examined, 
when  new  improvements  may  widely  alter  therefult  of  former 
experiments.  Thus,  we  are  told,  that  we  gain  nothing  by 
magnifying  too  much.  1 grant  it;  but  fhall  never  believe  I 
magnify  too  much  till  by  experience  I find,  that  1 can  fee  better 
with  a lower  power.  Nor  is  even  that  fufficient : a lower 
power  may  fhew  more  of  the  objeft ; it  may  fhew  it  brighter, 
nay  even  diftincter,  and  therefore  upon  the  whole  better  ; and 
yet  the  greater  power  may,  in  a particular  cafe,  be  preferable  : 
for  if  the  object  is  fo  fmall  as  not  to  be  at  all  vifible  with  the 
lower  power,  and  I can,  by  magnifying  more,  obtain  a view  of 
it,  though  neither  fo  bright  nor  diftinct  as  1 could  with,  is  it 
not  evident,  that  here  this  power  is  preferable  to  the  former  ? 

The  naturalift  does  not  think  himfelf  obliged  to  account  for 
all  the  phaenomena  he  may  oblerve ; the  aftronomer  and  opti- 
cian may  claim  the  fame  privilege.  When  we  increafe  the 
power  we  leffen  the  light  in  the  inverie  ratio  of  the  fquare 
of  the  power;  and  telefcopes  will,  in  general,  difcover  more 
fmall  fhirs  the  more  light  they  colletf: ; yet  with  a power 
of  227  I cannot  fee  the  fmall  ftar  near  the  ftar  following 
0 Aquilae,  when,  by  the  fame  telefcope,  it  appears  very  plainly 
with  the  power  of  460  : now,  in  the  latter  cafe,  the  power 
being  more  than  double,  the  light  is  lefs  than  the  fourth 
part  of  the  former.  In  fuch  particular  cafes  I generally  fufpedi: 
my  own  eyes,  and  have  recourfe  to  thofe  of  my  friends.  I had 
the  pleafure  of  fhewing  this  ftar  to  Dr.  watson  junior,  who 
foon  difcovered  the  fmall  ftar,  which  accompanies  the  other, 
with  the  power  of  460;  but  faw  nothing  of  it  with  227, 
though  the  place  where  to  look  for  it  had  been  pointed  out  to 
him  by  the  higher  power.  The  experiment  has  been  too  often 
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repeated  to  be  doubtful,  and  has  alfo  been  confirmed  by  others 
of  nearly  the  fame  nature : for  inftance,  the  fmalleft  of  the 
two  that  accompany  the  ftar  near  k Aquilae,  the  fmall  ftar 
near  p Herculis,  and  the  fmall  ftar  near  Lyras,  are  invifible 
with  my  power  of  227,  and  vifible  with  the  fame  aperture 
when  the  power  is  460.  Alfo  the  fmall  ftars  near  flam- 
stead’s  24th  of  Aquila,  the  fmalleft  of  two  near  a-  Coronas, 
the  fmall  ftar  near  the  ftar  fouth  of  £ Aquila,  the  fmall  ftar 
near  the  fecond  0 Perfei,  the  fmall  ftar  near  the  ftar  which 
accompanies  flamstead’s  10th  fub  pede  et  fcapula  dextra 
Tauri,  the  fmall  ftar,  near  (2  Delphini,  and  the  fmall  ftar  near 
the  pole  ftar,  are  all  much  brighter  and  ftronger,  and  therefore 
much  fooner  feen  with  460  than  with  227. 

Great  power  may  alfo,  in  particular  circumftances,  be  fa- 
vourable, even  with  an  excels  of  aberration.  When  two  ftars 
are  fo  clofe  together  as  to  make  the  fcale  for  meafuring  the 
diftance  of  their  centers  too  fmall,  if,  by  magnifying  much, 
we  can  enlarge  that  diftance,  we  may  gain  a confiderable  ad- 
vantage, provided  the  centers  or  apparent  bodies  of  the  ftars 
remain  diftinct  enough  for  the  purpofe  of  thefe  meafures.  The 
appearance  of  a Lyras  in  my  Newtonian  refledlor  with  a power 
of  460  is  reprefented  in  fig.  2. ; with  2010  in  fig.  3.  ; with 
3 168  in  fig.  4.;  and  with  6450  in  fig.  5.  Now  in  all  thefe 
figures  we  fee,  that  the  centers  are  ftill  diftindl  enough  to  mea- 
sure their  diftances  with  fufficient  truth  ; or  if  any  little  error 
fhould  be  introduced  by  the  magnitude  of  the  central  point,  it 
will  be  more  than  fufficiently  balanced  by  the  largenefs  of  the 
fcale.  In  this  manner,  with  a power  of  3168,  I have  obtained 
a fcale  of  no  lefs  than  ten  inches  fix  tenths  for  the  diftance  of 
the  centers  of  the  two  ftars  of  a Geminorum  ; and  as  we 
7 know 
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know  thefe  centers  to  be  but  a few  feconds  diftant,  it  is  plain 
how  great  an  advantage  we  gain  by  fuch  an  enlarged  fcale. 

Thefe  experiments  have  but  very  lately  pointed  out  to  me  a 
method  of  making  a new  micrometer,  upon  a conftrudtioja 
entirely  different  from  any  that  are  now  in  ufe,  which  I have 
been  fuccefsful  enough  to  put  in  pradtice,  and  by  which  I have 
already  begun  to  determine  the  diftance  of  the  centers  of  fome 
of  the  moft  remarkable  double  bars  to  a very  great  degree  of 
accuracy  *. 

The  powers  that  may  be  ufed  upon  various  double  ftars  are 
different,  according  to  their  relative  magnitudes  : e Bootis,  for 
inftance,  will  not  bear  the  fame  power  as  a.  Geminorum,  nor 
would  it  be  difficult  to  affign  a reafbn  for  it ; but  as  I here  fhaii 
merely  confine  mylelf  to  facts,  it  will  be  fufficient  in  general 
to  mention,  that  two  ffars,  which  are  equal,  or  nearly  fo, 
will  bear  a very  high  power : with  a.  Geminorum  I have  gone 
as  far  as  3168  ; but  with  the  former  only  to  2010.  The  diffi- 
culty of  ufing  high  powers  is  exceedingly  great ; for  the  field 
of  view  takes  in  lefs  than  the  diameter  of  the  hair  or  wire  in 
the  finder,  and  the  effedt  of  the  earth’s  diurnal  motion  is  fo 
great,  that  it  requires  a great  deal  of  pradtice  to  find  the 
object,  and  manage  the  inffrument.  It  appears  to  me  very 
probable,  that  the  diurnal  motion  of  the  earth  will  be  the 
greateff  obftacle  to  our  progrefs  in  magnifying,  except  we  can 
introduce  a proper  mechanifm  to  carry  our  telelcopes  in  a con- 
trary motion. 

Notwithftanding  opticians  have  proved  that  twTo  eye-glafles 
will  give  a more  correct  image  than  one,  I have  always  (from 
experience)  perlifted  in  refuting  the  affiftance  of  a fecond  glafs, 
which  is  lure  to  introduce  errors  greater  than  thofe  we  would  cor- 
rect. Let  us  refign  the  double  eye-glafs  to  thole  who  view  objects 

* For  a defeription  of  this  micrometer  fee  a fubfequent  paper. 
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merely  for  entertainment,  and  mull  have  an  exorbitant  field  of 
view.  To  a philo fopher  this  is  an  unpardonable  indulgence. 
I have  tried  both  the  fingle  and  double  eye-glafs  of  equal 
powers,  and  always  found  that  the  fingle  eye-glafs  had  much- 
the  luperiority  in  point  of  light  and  diltin&nefs.  With  the 
double  eye-glafs  I could  not  fee  the  belts  on  Saturn,  which  I 
very  plainly  faw  with  the  fingle  one.  I would,  however, 
except  all  thoie  cafes  where  a large  field  is  abfolutely  neceiTary, 
and  where  power  joined  to  diltinftnefs  is  not  the  foie  object  of 
our  view. 

The  application  of  the  different  powers  of  telefcope  in 
general  is  of  fame  confequence  ; and  in  anfwer  to  thofe  who 
may  think  I have  {trained  or  over-charged  mine,  I muft  obferve, 
that  a fingle  glance  at  the  fubfequent  h Draconis,  y\  Corx>naer 
and  the  {tar  near  p Bootis,  with  a power  of  460,  fhewed  them 
to  me  as  double  {tars ; when,  in  two  former  reviews  of  the 
heavens,  I had  twice  fet  them  down  in  my  journal  as  fingle 
{tars,  where  I ufed  only  the  power  of  222  and  22  j,  and  in 
all  probability  Ihould  never  have  found  them  double,  had  I not 
looked  with  a higher  power. 

We  are  to  remember,  that  it  is  much  eafier  to  fee  an  oh j eft 
when  it  is  pointed  out  to  us  than  when  it  falls  in  our  way  un- 
expectedly, efpecially  if  of  fuch  a nature  as  to  require  fome 
attention  to  be  feen  at  all ; but  today  no  more  of  other  advan- 
tages of  high  powers,  it  is  evident,  that  in  the  refearch  of  the 
parallax  of  the  fixed  {tars  they  are  abfolutely  neoeflary.  If 
we  would  diftinftly  perceive  and  meafure  or  eftimate  extremely 
fmall  quantities,  fuch  as  a tenth  of  a fecond,  it  appears,  that' 
when  we  ufe  a power  of  460,  this  tenth  of  a fecond  will  be 
no  more  in  appearance  than  46^,  and  even  with  a power  of 
*500  will  be  but  2'  30",  which  is  a quantity  not  much  more 

than* 
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than  fufficient  to  judge  well  of  objefls  and  difhnguifh  them, 
from  each  other,  fuch  as  a circle  from  a 1 qua  re,  triangle,  oi 
polygon 

It  has  been  obferved,  that  obje&s  grow  indiftinct  when  the 
principal  optic  pencil  at  the  eye  becomes  lefs  than  the  40th  or 
50th  part  of  an  inch  in  diameter.  In  the  experiments  that 
have  been  made  upon  this  fubjedt  it  appeals  to  me,  that  the 
indiftindtnefs  which  is  afcribed  to  the  fmallnefs  of  the  optical 
pencil  may  be  owing  to  very  different  caufes  . at  lcaft  it  will 
be  ealy  to  bring  contrary  expeiiments  of  extiemelv  fmall  pen— 
cils,  not  at  all  affected  by  this  inconvenience  ; for  inftance,  it 
is  well  known,  that  microfcopes,  confining  of  a fingle  lens  or 
globule,  are  remarkable  for  diffindtnefs.  We  alfo  know,  that 
they  have  been  made  fo  fmall  as  to  magnify  above  10,000 
times  + . From  this  we  may  infer  that  their  apertures,  and 
confequently  the  diameters  of  the  optic  pencil  at  the  eye  could 
not  exceed  the  2500th  part  of  an  inch.  I am  therefore  in- 
clined to  believe,  that  we  muff  look  for  diffinffnefs  in  the  per- 
fection of  the  object-fpeculum  or  objeft-glafs  of  a telefcope ; 
and  if  we  can  make  the  firff  image  in  the  focus  of  a fpeculum 
almoff  as  perfect  as  the  real  object,  what  fhould  hinder  our 
magnifying  but  the  want  of  light  ? Now,  if  the  objea  has  light 
fufficient,  as  the  ffars  moff  undoubtedly  have,  I fee  no  real'on 
why  we  fhould  limit  the  powers  of  our  inftruments  by  any 
theory.  Is  it  not  beff  to  have  recourfe  to  experiments  to  find 

* By  a fet  of  experiments,  made  in  the  year  177 4>  f found,  that  I could  dif- 
cover  or  perceive  a bright  object,  fuch  as  white  paper,  again  it  the  fky-light,  when 
it  fubtended  an  angle  of  35"  ; but  could  only  diftinguifh  it  to  be  a circle,  and  no 
other  figure,  wlien  it  appeared  under  an  angle  of  2'  24". 

•j-  See  Padre  della  torre’s  Method,  &c.  Scelta  di  Opufculi, 
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how  far  our  endeavours  to  render  the  fir  ft  image  perfect  have 
been  fuccefsful. 

As  foon  as  I was  fully  fatisfied  that  in  the  inveftigation  of 
parallax  the  method  of  double  ftars  would  have  many  advan- 
tages above  any  other,  it  became  neceffary  to  look  out  for  pro- 
per ftars.  This  introduced  a new  feries  of  obfervations.  I re- 
folved  to  examine  every  ftar  in  the  heavens,  with  the  utmofl 
attention  and  a very  high  power,  that  I might  collect  fuch  ma- 
terials for  this  refearch  as  would  enable  me  to  fix  my  obferva- 
tions upon  thofe  that  would  befit  anfwer  my  end.  The  fuhjedt 
has  already  proved  fo  extenfive,  and  ftill  promifes  fo  rich  a 
harveft  to  thofe  who  are  inclined  to  be  diligent  in  the  purfuit, 
that  I cannot  help  inviting  every  lover  of  aftronomy  to  join 
with  me  in  obfervations  that  muff  inevitably  lead  to  new  difco- 
veries.  I took  fome  pains  to  find  out  what  double  ftars  had 
been  recorded  by  aftronomers ; but  my  fituation  permitted  me 
not  to  confult  extenfive  libraries,  nor  indeed  was  it  very  material : 
for  as  I intended  to  view  the  heavens  myfelf,  Nature,  that 
great  volume,  appeared  to  me  to  contain  the  beft  catalogue 
upon  this  occafion.  However,  I remembered  that  the  ftar  in 
the  head  of  Caftoiy  that  in  the  breaft  of  the  Virgin,  and  tire 
firft  ftar  in  Aries,  had  been  mentioned  by  cassini  as  double 
ftars.  I alfo  found  the  Nebula  in  Orion  wras  marked  in  hugen’s 
Syflema  Saturnium  as  containing  feven  ftars,  three  of  which 
(now  known  to  be  four)  are  very  near  together.  With  this 
fmall  ftock  I begun,  and  in  the  courfe  of  a few  years  obferva- 
tions have  collected  the  ftars  contained  in  my  catalogue.  I find, 
with  great  pleafure,  that  a very  excellent  obferver,  whom  I 
have  the  honour  to  call  my  friend*,  has  alfo,  though  un- 

» Phil.  Tranf.  for.  the  year  1781,  part  II.  double  Pars  difcovered  in  1779,  at 
Frampton-houfe,  Glamorganihire,  by  nat.  pigott,  Effi  E.  R.  S.  &c. 
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known  to  me,  met  with  three  of  thofe  ftars  that  will  be  found 
in  my  catalogue  : and  upon  this  occafion  I alfo  beg  leave  to 
obferve,  that  the  Aftronomer  Royal,  when  I was  at  Greenwich 
laft  May,  with  his  ufual  politenefs,  fhewed  me,  among  other 
objects,  a Herculis  as  a double  ftar,  which  he  had  difcovered 
fome  years  ago.  't'he  rev.  Mr.  iiornsby  alfo,  when  I had  the 
pleafure  of  feeing  him  at  Oxford,  in  a converfation  on  the  fub- 
je£t  of  the  bars  of  the  fir  ft  magnitude  that  have  a proper  mo- 
tion, mentioned  7r  Bootis  as  a double  ftar.  It  is  a little  hard 
upon  young  aftronomers  to  be  obliged  to  difcover  over-again 
what  has  already  been  difcovered  ; however,  the  pleafure  that 
attended  the  view  when  I fir  ft  faw  thefe  ftars  has  made  fome 
amends  for  not  knowing  they  had  been  feen  before  me. 

If  I fhould  mention  in  my  lift  of  obfervations  a few  that 
may  be  found  difficult  to  be  verified  by  other  telefcopes,  I muft 
beg  the  indulgence  of  the  obfervers.  I hope  it  will  fufficiently 
appear,  that  I have  guarded  againft  optical  delulions  ; and  every 
aftronomer,  I make  no  doubt,  will  find,  by  thofe  obfervations 
that  fall  within  the  compafs  of  his  inftruments,  and  attention 
to  circumftances  neceffary  to  the  right  management  of  them, 
that  I have  had  all  along  truth  and  reality  in  view,  as  the  foie 
objedt  of  my  endeavours ; and  therefore  he  will  be  inclined  to 
give  fome  credit  to  what  he  does  not  immediately  perceive, 
when  he  finds  himfelf  fuccefsful  where  he  takes  the  proper 
precautions  fo  neceffary  in  delicate  obfervations,  even  with  the 
beft  inftruments. 

I have  been  in  fome  doubt  in  what  manner  to  communicate 
thefe  obfervations.  My  firft  view  was  to  have  methodized  them 
properly  ; but  1 find  them  fo  extenfive  that  there  is  but  little 
probability  that  one  perfon  fhould  be  able  to  bring  them  to  a 
conclufion,  for  which  reafon  I have  now  refolved  to  give  them 
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tmfkiifhed  as  they  are,  that  every  perfon  who  is  Inclined  to  en- 
gage in  this  purfuit  may  become  a fellow-labourer. 

In  fettling  the  diftances  of  double  ftars  I have  occafionally 
ufed  two  different  ways.  Thofe  that  are  extremely  near  each 
other  mav  be  eftimated  by  the  eye,  in  meafures  of  their  own 
apparent  diameters.  For  this  purpofe  their  diftance  fhould  not 
much  exceed  twro  diameters  of  the  largeft,  as  the  eye  cannot  fo 
Well  make  a good  eft imation  when  the  interval  between  them  is 
greater.  This  method  has  often  the  preference  to  that  of  the 
micrometer : for  inftance,  when  the  diameter  of  a fmall  ftar, 
perhaps  not  equal  to  half  a fecond,  is  double  the  vacancy  be- 
tween the  two  ftars.  Here  a micrometer  ought  to  meafure 
tenths  of  feconds  at  leaft,  otherwife  we  could  not,  with  any 
degree  of  confidence,  rely  on  its  meafures;  nay,  even  then,  if 
the  ftars  are  fituated  in  the  fame  parallel  of  declination  and 
near  the  equator,  their  quick  motion  acrols  the  micrometer 
makes  it  extremely  difficult  to  meafure  them,  and  in  that  cafe 
an  eftimation  by  the  eye  is  preferable  to  any  other  meafure ; 
hut  this  requires  not  a little  pra&ice,  precaution,  and  time, 
and  yet  with  proper  care  it  will  be  found  that  this  method  is 
capable  of  great  exadtnefs.  Let  two  fmall  circles  be  drawn 
either  equal  or  unequal,  at  a diftance  not  exceeding  twice  the 
diameter  of  the  largeft ; let  thefe  be  fhewn  to  feveral  perfons 
in  the  fame  light  and  point  of  view.  Then,  if  every  one  of 
them  will  feparately  and  carefully  write  down  his  eftimation  of 
the  interval  between  them,  in  the  proportion  of  either  of  their 
diameters,  it  will  be  found  upon  a comparifon  that  there  vrili 
feldom  be  fo  much  as  a quarter  of  a diameter  difference  be- 
tween all  the  eftimations.  If  this  agreement  takes  place  with 
fo  many  different  eyes,  much  more  may  we  expedf  it  in  the 
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eftimatioas  of  the  fame  eye  when  accuftbmed  to  this  kind  of 
judgement. 

I have  divided  the  double  flats  into  feveral  different  claffes. 
In  the  fir  ft  I have  placed  all  thofe  which  require  indeed  a very 
fuperior  telefcope,  the  utmoft  clearnels  of  air,  and  every  other 
favourable  circumftance  to  be  leen  at  all,  or  well  enough  to 
judge  of  them.  They  teemed  to  me  on  that  account  to  delerve 
a feparate  place,  that  an  obferver  might  not  condemn  his  in- 
flrument  or  his  eye  if  he  thould  not  be  fuccefsful  in  diftin- 
guifhing  them. 

As  thefe  are  fome  of  the  fineft,  moft  minute,  and  moft  de- 
licate objects  of  vifion  I ever  beheld,  I fhall  be  happy  to  hear 
that  my  obfervations  have  been  verified  by  other  perfons,  which 
I make  no  doubt  the  curious  in  aftronomy  will  foon  undertake. 
I thould  obferve,  that  fince  it  will  require  no  common  ftretch 
of  power  and  diftin&nefs  to  fee  thefe  double  ftars,  it  will  there- 
fore not  be  amifs  to  go  gradually  through  a few  preparatory 
Ifeps  of  vifion,  fuch  as  the  following  : when  v\  Coronas  borealis 
'(one  of  the  moft  minute  double  ftars)  is  propofed  to  be  viewed, 
let  the  telefcope  be  fome  time  before  directed  to  ^ Geminorum, 
or  if  not  in  view  to  either  of  the  following  ftars,  £ Aquarii, 
[a,  Draconis,  f Herculis,  « Pifcium,  or  the  curious  double- 
double ftar  e Lyras..  Thefe  thould  be  kept  in  view  for  a conli- 
derable  time,  that  the  eye  may  acquire  the  habit  of  feeing  fuch 
objects  well  and  diftinTly.  The  obferver  may  next  proceed  to 
£ Urfas  majoris,  and  the  beautiful  treble,  ftar  in  Monoceros’s 
light  fore- foot ; after  thele  to  i Bootis,  which  is  a fine  minia- 
ture of  a.  Geminorum,  to  the  ftar  preceding  a Orionis,  and  to 
n Orionis.  By  this  time  both  the  eye  and  the  telelcope  will  be 
prepared  for  a ftill  finer  picture,  which  is  y\  Coronas  borealis.  It 
will  be  in  vain  to  attempt  this  latter  if  all  the  former,  at  leaft 
z,  • i Bootis, 
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i Bootis,  cannot  be  diftinclly  perceived  to  be  fairly  feparated. 
becaufe  it  is  almoft  as  fine  a miniature  of  i Bootis  as  that  is  of 
a Geminorum.  If  the  obferver  has  been  fuccefsful  in  all  thefe, 
he  may  then,  at  the  fame  time,  try  h Draconis,  though  I 
queftion  whether  any  power  leis  than  4 or  500  will  (hew  it  to 
be  double ; but  the  former  I have  all  feen  very  well  with  2 2~. 

To  try  the  ftars  of  unequal  magnitudes  it  will  be  expedient  to 
take  them  in  fome  fuch  order  as  the  following : a Herculis, 
u Aurigae,  $ Geminorum,  k Cygni,  e Perfei,  and  b Draconis ; 
from  thefe  the  obferver  may  proceed  to  a moil  beautiful  object, 
e Bootis,  which  I have,  clofely  attended  thefe  two  years  as  very- 
proper  for  the  inveftigation  of  the  parallax  of.  the  fixed  ftars. 

It  appears,,  from  what  has.  been  laid,  that  thefe  double  ftars 
are  a moft  excellent  way  of  trying  a telefcope  ; and  as  the  fore- 
going remarks  have  fuggefted  the  method  oi  feeing  how  far  the 
power  and  diftindtnefs  of  our  inftruments  will  reach,  I fhall 
add  the  way  of  finding  how  much  light  we  have.  The  ob- 
ferver may  begin  with  the  pole-ftar  and  a Lyras ; then  go  to  the 
ftar  fouth  of  s Aquilae,  the  treble  ftar  near  k Aquilae,  and  laid 
of  all  to  the  ftar  following  0 Aquilaa.  Now,  if  his  telefcope 
has  not  a great  deal  of  good  diftinct  light,  he  will  not  be  able 
to  fee  fome  of  the  fmall  ftars  that  accompany  them. 

In  the  fecoixd  clals  of  double  ftars  I have  put  all  thofe  that 
are  proper  for  eftimations  by  the  eye  or  very  delicate  meafure*  > 
of  the  micrometer. . To  compare  the  diftances  with  the  appa- 
rent diameters  the  power  of  the  telefcope  fhould  not  be  much 
lefs  than  200,.  as  they  , will  otherwil'e  be  too  clofe  for  the  pur- 
pofe.  The  inftrument  ought,  moreover,  to  be  as  much  as 
poflible  free  from  rays  that  furround  a ftar  in  common  tele- 
fcopes,  and  Ihould  give  the  apparent  diameters  of  a double  ftar 
perfe&ly  round  and  well-defined,  with  a deep  black  divifion 

between . 
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between  them,  as  in  fig.  6.  which  represents  a Geminorum  as  I 
have  often  feen  it  with  a power  of  460.  It  will  be  neceffary 
here  to  take  notice,  that  the  eftimations  made  with  one  tele- 
fcope  cannot  be  applied  to  thofe  made  with  another : nor  can 
the  eftimations  made  with  different  powers,  thougn  with  the 
fame  telefcope,  be  applied  to  each  other.  Whatever  may  be  the 
caule  of  the  apparent  diameters  of  the  flars,  thej'  ate  certainly 
not  of  equal  magnitude  with  the  fame  powers  in  different  tele- 
Scopes,  nor  of  proportional  magnitude  with  different  powcis  111 
the  fame  telefcope.  In  my  inffruments  I have  ever  found  lefs 
diameter  in  proportion  the  higher  I was  able  to  go  in  power, 
and  never  have  I found  fo  Small  a proportional  diameter  as 
when  I magnified  6450  times*;  therefore  if  we  would  wifh 
to  compare  any  fuch  obfervations  together,  with  a view  to  fee 
whether  a change  in  the  diflance  has  taken  place,  it  fhould  be 
done  with  the  very  fame  telefcope  and  power,  even  with  the 
very  fame  eye-glafs  or  glaffes ; for  others,  though  of  equal 
power  and  goodnefs,  would  moft  probably  give  different  pro- 
portional diameters  of  the  liars. 

In  the  third  clafs  I have  placed  all  thofe  double  flars  that 
are  more  than  five  but  lefs  than  1 5"  afunder  ; and  for  that  rea- 
fon,  if  they  fhould  be  ufed  for  obfervations  on  the  parallax  of 
the  fixed  flars,  they  ought  not  to  be  looked  upon  as  quite  free 
from  the  effeds  of  refradion,  &c.  In  the  fame  manner  that 
the  flars  in  the  firff  and  Second  claffes  will  ferve  to  try  the 
goodnefs  of  the  moil  capital  inffruments,  thefe  will  afford  ob- 
jeds  for  telefcopes  of  inferior  power,  fuch  as  magnify  from  40 
to  100  times.  The  obferver  may  take  them  in  this  or  the  like 
order:  Urfe  majoris,  y Delphini,  y Arietis,  7r  Bootis,  y Vir- 

* See  the  meaiures  of  ihc  diameter  of  « Lyrce,  Catalogue  of  double  flars, 
5th  clafs.  . . 
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giius,  1 Caftiopeae,  ^ Cygni.  And  if  he  can  fee  all  theie,  he 
may  pafs  over  into  the  fecond  clafs,  and  direct  his  inftrument 
to  fome  of  thofe  that  were  pointed  out  as  objects  for  the  very 
beft  telefcopes,  where,  I fuppofe,  he  will  loon  find  the  want  of 
fuperior  power. 

The  fourth,  fifth,  and  fixth  claffes  contain  double  ftars  that 
are  from  15  to  30",  from  30"  to  i\  and  from  1'  to  2'  or  more 
afunder.  Though  thefe  will  hardly  be  of  any  fervice  for  the 
purpofe  of  parallax,  I thought  it  not  amils  to  give  an  account 
of  fuch  as  1 have  obferved  ; they  may,  perhaps,  anfwer  ano- 
ther very  important  end,  which  alfo  requires  a great  deal  of 
accuracy,  though  not  quite  fo  much  as  the  inveftigation  of  the 
parallax  of  the  fixed  ftars.  I will  juft  mention  it,  though  fo- 
reign to  my  nrefent  purpofe.  Several  ftars  of  the  firft  magni- 
tude have  already  been  obferved,  and  others  fufpected,  to  have 
a proper  motion  of  their  own t hence  we  may  fuimife,  that 
our  fun,  with  all  its  planets  and  comets,  may  alfo  have  a 
motion  towards  fome  particular  part  of  the  heavens,  on  account 
of  a greater  quantity  of  matter  collected  in  a number  of  ftars- 
and  their  furrounding  planets  there  fituated,  which  may  pei- 
haps  occafion  a gravitation  of  our  whole  folar  fyftem  towai  ds 
it.  If  this  furmife  fhould  have  any  foundation,  it  will  fhew 
itlelf  in  a feries  of  fome  years ; as  from  that  motion  will  ante 
another  kind  of  hitherto  unknown  parallax  *,  the  inveftigation 
of  which  may  account  for  fome  part  of  the  motions  already 
obferved  in  fome  of  the  principal  ftars  ; and  for  the  purpofe  of 
determining  the  dire&ion  and  quantity  of  luch  a motion,  accu- 
rate obfervations  of  the  diftance  of  ftars  that  are  near  enough 
to  be  meafured  with  a micrometer,  and  a very  high  power  of 

* See  the  note  in  the  rev.  Mr.  mitcheLl’s  paper  on  the  Parallax  of  the  Fixed 
Stars,  Phil.  Tranf.  vol.  LVII.  p*  ZS2, 


telefcopesy 


I04  Mr.  herschel  on  the 

telefcopes  may  be  of  confiderable  ute,  as  tney  w ill  undoubtedly 
give  us  the  relative  places  or  thofe  ftars  to  a much  gi  eater  de- 
gree of  accuracy  than  they  can  be  bad  by  tranfit  inftruments  01 
fectors,  and  thereby  much  fooner  enable  us  to  difcover  any 
apparent  change  in  their  fituation  occafioned  by  this  new  kind 
of  fvftematical  parallax,  if  I may  be  allowed  to  ufe  that  expref- 
iion,  for  lignifvmg  the  change  arilmg  tiom  the  motion  of  the 
whole  folar  fyftem. 

I (ball  now  endeavour  to  deliver  a theory  of  the  annual  pa- 
rallax of  double  ftars,  with  the  method  of  computing  from 
thence  what  is  generally  called  the  parallax  of  the  fixed  ftars, 
or  of  (ingle  ftars  of  the  firft  magnitude,  fuch  as  are  neareft  to 
us.  It  may  be  oblerved,  that  the  principles  upon  which  I have 
founded  the  following  theory  are  of  fuch  a nature,  that  they 
cannot  be  ftridtly  demonftrated,  in  confequence  of  which  they 
are  only  propofed  as  poftulata,  which  have  fo  great  a piobabi- 
lity  in  their  favour,  that  they  will  hardly  be  obje&ed  to  by 
thofe  who  are  in  the  leaft  acquainted  with  the  do&rine  of 
chances. 


GENERAL  P O S T U L A T A, 

i.  Let  the  ftars  be  fuppofed,  one  with  another,  to  be  about 
•the  fize  of  the  fun  L 

a.  Let  the  difference  of  their  apparent  magnitudes  be  owing 
to  their  different  diftances,  fo  that  a ftar  of  the  fecond,  third, 

\ 4 * J 

* See  Mr.  michell’s  Inquiry  into  the  probable  Parallax  and  Magnitude  of 
the  Fixed  Stars,  Phil.  Tranf.  vol.  LVII.  p.  234.  236.  237.  240.  and  Dr.  hal- 
eey  on  the  Number,  Order,  and  Light,  of  the  Fixed  Stars,  Phil.  Tranf. 
vol.  XXXI. 
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or  fourth  magnitude  is  two,  three,  or  four  times  as  far  off  as 
-one  of  the  firft  *. 

In  fig.  y.  let  OE  be  the  whole  diameter  of  the  earth’s  an- 
nual orbit ; and  let  a , b , c,  be  three  liars  htuated  in  the  eclip- 
tic, in  fuch  a manner  that  they  may  be  feen  all  in  one  line  O abc^ 
when  the  earth  is  at  O.  Let  the  line  Qabc  be  perpendicular 
to  C)E,  and  draw  PE  parallel  to  eO.  Then,  if  Oa , ah,  be, 
are  equal  to  each  other,  a will  be  a ftar  of  the  firffc  magnitude, 
b of  the  fecond,  and  c of  the  third.  Let  us  now  fuppofe  the 
angle  CLE,  or  parallax  of  the  whole  orbit  of  the  earth,  to  be 
1"  of  a degree  : then  we  have  PE  a — 0^?E=  ir  . : and,  becaufe 
very  fmall  angles,  having  the  fame  fubtenfe  OE,  may  be  taken 
to  be  in  the  inverfe  ratio  of  the  lines  Oa , Ob,  Oc,  &c.  we  (hall 
have  ObE=p\  OcE  = L,  &c. +.  Now,  when  the  earth  is 

removed 

* The  apparent  magnitude  is  here  taken  in  a ftridier  fenfe  than  is  gene, •■illy 
ufed ; and  by  it  is  rather  meant  the  order  into  which  the  ftars  ought  to  be  diiiin- 
guifhed  than  that  into  which  they  arc  commonly  divided  : for  as  the  order  of  the 
magnitudes  is  here  to  denote  the  different  relative  ditlances,  we  are  to  examine 
carefully  the  degree  of  light  each  ftar  is  accurately  found  to  have  : and  conlidering 
then  that  light  diminifhes  in  the  inverfe  ratio  of  the  fquares  of  the  diilances,  we 
ought  to  clafs  the  flars  accordingly.  An  allowance  ought  alfo  perhaps  to  be  made 
for  fome  lofs  that  may  happen  to  the  light  of  very  remote  liars  in  its  paffage 
through  immenfe  tradls  of  fpace,  moll  probably  not  quite  deftitute  of  fome  very 
fubtle  medium.  This  conjecture  is  fuggelled  to  us  by  the  colour  of  the  very 
fmall  telefcopic  ftars,  for  I have  generally  found  them  red,  or  inclining  to  red  ; 
which  feems  to  indicate,  that  the  more  feeble  and  refrangible  rays  of  the  other 
colours  are  either  flopped  by  the  way,  or  at  leaft  diverted  from  their  courfe  by 
accidental  deflections. 

f This  proves  what  I have  before  remarked  on  the  parallax  of  y Draconis ; for 
that  liar,  (admitting  it  to  he  a ftar  of  between  the  fecond  and  third  magnitude, 
which  ought  to  be  afeertained  by  experiments,  as  mentioned  in  the  note  above) 
by  the  poftulata,  will  have  its  place  aftigned  fomewhere  between  b and  c , 
and  therefore  its  parallax  will  be  between  | and  | of  the  parallax  of  a ftar  of  the 
firft  magnitude.  And  if  Dr.  bradley  thought  that  he  fliould  have  perceived  a 
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removed  to  E,  we  Avail  have  PE£  = E^O  = i''t  and  PE/J  — VEb 
-aEb—\"\  that  is,  the  ftars  a,  b , will  appear  to  be  i / dif- 
,tant.  We  alfo  have  PEc  = ErO  = 4/',  and  YEa  - PEc  = aEc 
= ; that  is,  the  liars  a,  c , will  appear  to  be  diftant,  when 

the  earth  is  at  E.  Now,  fince  we  have  ^EP=l",  and  cEP 
= 4",  therefore  £EP  - cEP  = bEc  = f " - 4."  = 4,"  ; that  is,  the 
ftars  b,  c,  will  appear  to  be  only  4."  removed  from  each  other, 
when  the  earth  is  at  E. 

From  what  has  been  Paid,  we  may  gather  the  following  ge- 
neral expreffion,  to  denote  the  parallax  that  will  become  vifible 
in  the  change  of  diflance  between  the  two  ftars,  by  the  re- 
moval of  the  earth  from  one  extreme  of  its  orbit  to  the  other. 
Let  P exprefs  the  total  parallax  of  a fixed  liar  of  the  firff  mag- 
nitude, M the  magnitude  of  the  largeft  of  the  two  liars,  m the 
magnitude  of  the  fmallell  *,  and  p the  partial  parallax  to  be 
obferved  by  the  change  in  the  dillance  of  a double  liar ; then 


will  p 
us  P = 


rn 


-M 
Mm 
pM?n 


m 


P ; and  p being  found  by  obfervation  will  give 
M An  example  or  two  will  explain  this  fufficiently. 


Suppofe  a ftar  of  the  firft  magnitude  Ihould  have  a fmall  liar 
of  the  twelfth  magnitude  near  it ; then  will  the  partial  parallax 


parallax  in  y Draconis,  if  at  mod  it  had  amounted  to  2",  it  follows, .that  the  angle 
OtfE  may  nearly  amount  to  4 or  5"  for  any  thing  we  can  conclude  to  the  contrary 
from  thofe  obfervations. 

* As  M and  m are  here  taken  to  exprefs  the  relative  diftances  of  the  ftars,  in 
meafures  whereof  the  diftance  of  the  neareft  ftar  is  taken  as  unity,  thofe  who 
think  the  poftulata  on  which  thefe  eftimations  are  built  cannot  be  granted,  may 
ftill  ufe  the  following  formulae,  if  inftead  of  the  magnitudes  M,  m , they  put  their 
own  eftimations  of  the  relative  diftances  of  the  ftars,  according  to  any  other 
method  whatever  they  may  think  it  mod  eligible  to  adopt ; for  the  apparent  magni- 
tude of  ftars  is  here  only  propofed  as  the  moft  probable  means  we  have  of  forming 
any  conjectures  about  their  relative  diftances. 
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we  are  to  expert  to  fee  be  ~~~l  P ; or  ^ths  of  the  total  paral- 
lax of  a fixed  har  of  the  firlt  magnitude ; and  if  we  fhould, 
by  obfervation,  find  the  partial  parallax  between  two  fuch 
hars  to  amount  to  i/7,  we  fhall  have  the  total  parallax  P = 

I X I X I 2 4, 

— — — i^jOpop.  If  the  hars  are  of  the  third  and  twenty- 


^ m * .24 2 2 1 

fourth  magnitude,  the  partial  parallax  will  be  — — — P ; and 

if,  by  obfervation,  p is  found  to  be  a tenth  of  a fecond,  the 

i x ^ x 24 

whole  parallax  will  come  out  : j o ■ = o', 3428. 


It  will  be  necelfary  to  examine  fome  different  fituations. 
Suppofe  the  hars,  being  hill  in  the  ecliptic,  to  appear  in  one 
line,  when  the  earth  is  in  any  other  part  of  its  orbit  between 
O and  E ; then  will  the  parallax  hill  be  exprefled  by  the  fame 
algebraic  form,  and  one  of  the  maxima  will  hill  lie  at  O,  the 
other  at  E ; but  the  whole  efteft  will  be  divided  into  two  parts, 
which  will  be  in  proportion  to  each  other  as  radius  — fine  to 
radius -p  fine  of  the  liars  diftance  from  the  neareh  conjunction 
or  oppofition. 

When  the  liars  are  any  where  out  of  the  ecliptic  fituated  fo 
as  to  appear  in  one  line  Oabc  at  rectangles  to  OE,  the  maxi- 

771  ****  M 

mum  of  parallax  will  hill  be  expreffed  by  P ; but  there 


will  arife  another  additional  parallax  in  the  conjuCtion  and  op- 
pofition, which  will  be  to  that  which  is  found  90°  before  or 
after  the  fun,  as  the  fine  (S)  of  the  latitude  of  the  hars  feen  at 
O is  to  radius  (R)  ; and  the  effect  of  this  parallax  will  be  di- 
vided into  two  parts  ; half  of  it  lying  on  one  fide  of  the  large 
har,  the  other  half  on  the  other  fide  of  it.  This  latter  paral- 
lax, moreover,  will  be  compounded  with  the  former,  fo  that 
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the  diftance  of  the  ftars  in  the  conjunction  and  oppof  tion  will 
then  be  reprefented  by  the  diagonal  of  a parallelogram,  whereof 
the  two  femi-parallaxes  are  the  tides ; a general  expreffion  for 

which  will  be  x ^ + 1 : f°r  ^ars  aPPa~ 

tently  defcribe  two  ellipfes  in  the  heavens,  whofe  tranfverfe 
axes  will  be  to  each  other  in  the  ratio  of  M to  m (hg.  8.),  and 
A a,  3b,  Cc,  Dd,  will  be  cotemporary  fituations.  Now,  if 
^'QJ?e  drawn  parallel  to  AC,  and  the  parallelogram  ^BQ^com- 
pleated,  we  ihall  have  bQ=  |CA-  \ca-  |Cc=  or  femi- 
parallax  90°  before  or  after  the  fun,  and  B b may  be  refolved 
into,  or  is  compounded  of,  Z’Qjmd  bq  ; but  bq  — -iBD  — \bd— 
the  lemi-parallax  in  the  conjunction  or  oppofition.  We  alfo 

have  R : S ;:^Q  : bq  — ^ ; therefore  the  diftance  3b  (orD  d)~ 


and  by  fubftituting  the  value  of  p into  this  ex- 


preffion we  obtain  \J- — — p x-^-f  1,  as  above.  When  the 
1 > 2M m RR  7 

ftars  are  in  the  pole  of  the  ecliptic,  bq  will  become  equal  to 

T-  771  — M 

IQ , and  B b will  be  .7071  P M --  • 


Hitherto  we  have  fuppofed  the  ftars  to  be  all  in  one  line 
Oabc ; let  them  now  be  at  fome  diftance,  fuppofe  5"  from 
each  other,  and  let  them  fir  ft  be  both  in  the  ecliptic.  This 
cafe  is  refolvable  into  the  firft  ; for  imagine  the  ftar  a,  fig.  9. 
to  ftand  at  x9  and  in  that  fituation  the  ftars  x9  b,  c , will  be  in 

one  line,  and  their  parallax  exprefied  by  - P>  But  the 

angle  aEx  may  be  taken  to  he  equal  to  aQx ; and  as  the  fore- 
going form  gives  us  the  angles  vE b,  vEf,  we  are  to  add  aEx, 
or  5"  to  xEb,  and  we  (hall  have  ciEb.  In  general,  let  the  dif- 
tance 
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tance  of  the  ftars  be  d , and  let  the  obferved  diftance  at  E be  D ; 
then  will  D~d+p,  and  therefore  the  whole  parallax  of  the 


annual  orbit  will  be  exprefled  by 


D M m — cl  M in 
m — M 


P. 


Suppofe  the  two  ftars  now  to  differ  only  in  latitude,  one 
being  in  the  ecliptic,  the  other,  for  inftance,  5"  north,  when 
feen  at  O.  This  cafe  may  alfo  be  refolved  by  the  former  ; for 
imagine  the  ftars  b,  c,  fig.  7.  to  be  elevated  at  rectangles  above 
the  plane  of  the  figure,  fo  that  aOb,  or  aOcy  may  make  an 
angle  of  5"  at  O:  then,  inftead  of  the  lines  Oabcy  E a,  E by 
Ec,  EP,  imagine  them  all  to  be  planes  at  rectangles  to  the 
figure;  and  it  will  appear,  that  the  parallax  of  the  ftars  in 
longitude  muft  be  the  fame  as  if  the  fmall  ftar  had  been  with- 
out latitude.  And  fince  the  ftars  b,  c,  by  the  motion  of  the 
earth  from  O to  E,  will  not  change  their  latitude,  we  fhall  have 
the  following  conftru&ion  for  finding  the  diftance  of  the  ftars 
ab,  ac,  at  E,  and  from  thence  the  parallax  P.  Let  the  tri- 
angle abj3,  fig.  10.  rep  relent  the  fituation  of  the  ftars  ; ab  is  the 
fubtenfe  of  5",  that  being  the  angle  under  which  they  are 
iuppofed  to  be  feen  at  O,  The  quantity  b(3  by  the  former 

theorem  is  found  -r-, — P>  which  is  the  partial  parallax  that 

would  have  been  feen  by  the  earth’s  moving  from  O to  E,  had 
both  ftars  been  in  the  ecliptic  ; but  on  account  of  the  difference 
in  latitude  it  will  now  be  reprefented  by  a[ 3,  the  hypothenufe 
of  the  triangle  ab[ 3:  therefore,  in  general,  putting  ab  — d , and 

a jG = D,  we  have  = P-  Hence  D being  taken  by 


obfervation  and  d , M,  and  m,  given,  we  obtain  the  total 
parallax. 

If  the  fituation  of  the  ftars  differs  in  longitude  as  well  as 

latitude,  we  may  refolve  this  cafe  by  the  following  method. 

Let 
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Let  the  triangle  ab/3,  fig.  n.  reprefent  the  fituation  of  the 
ftars,  ab  = d being  their  diftance  feen  at  O,  their  dis- 

tance feen  at  E.  That  the  change  bj3  which  is  produced  by 

the  earth’s  motion  will  be  truly  expreffed  by  P,  may  be 


proved  as  before,  by  fuppofing  the  ftar  a to  have  been  placed 
at  a.  Now  let  the  angle  of  pofition  baa.  be  taken  by  a micro- 
meter*, or  by  any  other  method  that  may  be  thought  Suffi- 
ciently exaCS;  then,  by  Solving  the  triangle  aba,  we  Shall  have 
the  longitudinal  and  latitudinal  differences  aa  and  ba  of  the 
two  flats.  Put  aa  — x,  ba~y,  and  it  will  be  x + b(2~  aq. 


whence  D = v X -f- 


m 


-M 


Mm 


P -t-jyy ; 


and 


2 X M2 


Til 


■ jfMm 


in 


M 


= P. 


If  neither  of  the  Stars  fhould  be  in  the  ecliptic,  nor  have  the 
Same  longitude  or  latitude,  the  laft  theorem  will  ftill  Serve  to 
•calculate  the  total  parallax  whoSe  maximum  will  lie  in  E. 
There  will,  moreover,  ariSe  another  parallax,  whoSe  maximum 
will  be  in  the  conjunction  and  oppofition,  which  will  be  di- 
vided, and  lie  on  different  fides  of  the  large  Star ; but  as  we 
know  the  whole  parallax  to  be  exceedingly  Small,  it  will  not  be 
neceffary  to  inveftigate  every  particular  caSe  of  this  kind  ; for, 
by  reafon  of  the  divifion  of  the  parallax,  which  renders  obser- 
vations taken  at  any  other  time,  except  where  it  is  greatest, 
very  unfavourable,  the  forms  would  be  of  little  uSe. 

Tofinifh  this  theory,  I Shall  only  add  a general  observation 
on  the  time  and  place  where  the  maxima  of  parallax  will 
happen. 


* The  pofition  of  a line  palling  through  the  two  liars,  with  the  parallel  of  i 
declination  of  the  largeft  of  them,  may  be  had  by  the  micrometer  I invented  for 
this  purpofe  in  the  year  1779,  of  whieh  a defcription  has  been  given  in  a former 
paper;  whence,  by  fpherical  trigonometry,  we  eafily  deduce  their  pofition  b ax  fig. 
11,  with  regard  to  the  ecliptic. 


When 
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When  two  unequal  ftars  are  both  in  the  ecliptic,  or,  not 
being  in  the  ecliptic,  have  equal  latitudes,  north  or  fouth,  and 
the  largeft  ftar  has  moft  longitude,  the  maximum  of  the  appa- 
rent diftance  will  be  when  the  fun’s  longitude  is  90°  more 
than  the  ftars,  or  when  obferved  in  the  morning ; and  the  mi- 
nimum when  the  longitude  of  the  fun  is  90°  lefs  than  that  of 
the  ftar,  or  when  obferved  in  the  evening. 

When  the  fmall  ftar  has  moft  longitude,  the  maximum  and 
minimum,  as  well  as  the  time  of  obfervation,  will  be  the 
reverfe  of  the  former. 

When  the  ftars  differ  in  latitudes,  this  makes  no  alteration  in 
the  place  of  the  maximum  or  minimum,  nor  in  the  time  of 
obfervation  ; that  is  to  fay,  it  is  immaterial  whether  the  largeft 
ftar  has  the  leaft  or  the  moft  latitude  of  the  two  ftars.. 


I 
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XIL  Catalogue  of  Double  Stars . By  Mr.  Herfchel,  F.  R.  & 
communicated  by  Dr.  Watfon,  Jun. 


Read  January  io,  1782. 

INTRODUCTORY  REMARKS. 

following  catalogue  contains  not  only  double-liars, 

I but  alfo  thole  that  are  treble,  double-double,  quadruple, 
double-treble,  and  multiple.  The  particulars  I have  given  of 
them  are  comprehended  under  the  following  general  heads. 

I.  The  names  of  the  liars  and  number  in  flamstead’s 
Catalogue ; or,  if  not  contained  therein,  fuch  a defcription  of 
their  fituation  as  will  be  found  lufficient  to  point  them  out. 

II.  The  comparative  fize  of  the  liars.  On  this  occalion  I 
have  ufed  the  terms  equal,  a little  unequal,  pretty  unequal, 
confiderably  unequal,  very  unequal,  extremely  unequal,  and 
exccffively  unequal,  as  exprefling  the  different  gradations  to 
which  I have  endeavoured  to  affix  always  the  fame  meaning. 

III.  The  colours  of  the  liars  as  they  appeared  to  me  when  I 
viewed  them.  Here  I mull  remark,  that  different  eyes  may  per- 
haps differ  a little  in  their  eflimations.  I have,  for  inftance,  found, 
that  the  little  flar  which  is  near  a Herculis,  by  fome  to  whom 
1 have  (hewn  it  has  been  called  green,  and  by  others  blue.  Nor 
will  this  appear  extraordinary  when  we  recoiled!  that  there  are 
blues  and  greens  which  are  very  often,  particularly  by  candle- 
light, miftaken  for  each  other.  The  fituation  will  alfo  affect 

the 
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the  colour  a little,  making  a white  flar  appear  pale  red  when 
the  altitude  is  not  fufficient  to  clear  it  of  the  vapours.  It  is 
difficult  to  find  a criterion  of  the  colours  of  (lars,  though  I 
might  in  general  obferve  that  Aldebaran  appears  red,  Lyra 
white,  and  fo  on  ; but  when  I call  the  liars  garnet,  red,  pale 
red,  pale  rofe-colour,  white  inclining  to  red,  white,  wffite 
inclining  to  blue,  blueiffi  white,  blue,  greeniffi,  green,  dufky, 
I wiffi  rather  to  refer  to  the  double  liars  themfelves  to  explain 
what  is  meant  bv  tliofe  termsr 

IV.  The  dillances  of  the  liars  are  given  feveral  different 
ways.  Thofe  that  are  eflimated  by  the  diameter  can  hardly  be 
liable  to  an  error  of  fo  much  as  one  quarter  of  a fecond ; but 
here  mull  be  remembered  what  I have  before  remarked  on  the 
comparative  appearance  of  the  diameters  of  Hars  in  different  in- 
(Iruments.  Thole  that  are  meafured  bv  the  micrometer,  I fear, 
may  be  liable  to  an  error  of  almofl  a whole  fecond  ; and  if  not 
meafured  with  the  utmofl  care,  to  near  2''.  This  is,  however, 
to  be  underllood  only  of  (ingle  meafures ; for  the  diflance  of 
many  of  them  that  have  been  meafured  very  often  in  the  courfe 
of  two  years  obfervations  can  hardly  differ  fo  much  as  half  a 
fecond  from  truth,  when  a proper  mean  of  all  the  meafures  is 
taken.  As  I always  make  the  wires  of  my  micrometer  outward 
tangents  to  the.  apparent  diameter  of  the  (lars,  all  the  mea- 
fures  mull  be  underllood  to  include  both  their  diameters ; fo 
that  we  are  to  dedufl  the  tw7o  fern i- diameters  of  the  (lars  if  we 
wrould  have  the  diflance  of  their  centers.  What  I have  faid  con- 
cerns only  the  wire  micrometers,  for  my  lafl  new  micrometer 
is  of  a fuch  a conflrudlion,  that  it  immediately  gives  the  diflance 
of  the  centers  and  its  meafures  (as  far  as  in  a few  months  lhave 
been  able  to  find  out)  may  be  relied  on  to  about  one-tenth  of  a 
fecond,  when  a mean  of  three  obfervations  is  taken.  When  I have 
Vol.  LXXII.  added 
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added  Inaccurate , we  may  fufpedl  an  error  of  3 or  tjf . Exaffily 
ejlimated  may  be  taken  to  be  true  to  about  one-eighth  part  of 
the  whole  diftance  ; but  only  ejlimated. , or  about , &c.  is  in 
fome  refpeft  quite  undetermined ; for  it  is  hardly  to  be  con- 
ceived how  little  we  are  able  to  judge  of  distances  when,  by 
conftantly  changing  the  powers  of  the  inftrument,  we  are  as  it 
were  left  without  any  guide  at  all.  I fhould  not  forget  to  add, 
that  the  inealure  of  liars,  whereof  one  is  extremely  fmall, 
muff  claim  a greater  indulgence  than  the  reft  on -account  of 
the  difficulty  of  feeing  the  wires  when  the  field  of  view  cannot 
be  fufficiently  enlightened. 

V.  The  angle  of  polition  of  the  ftars  I have  only  given  with 
regard  to  the  parallel  of  declination,  to  be  reduced  to  that  with 
the  ecliptic  as  occafion  may  require.  The  meafures  always  fup- 
pofe  the  large  ftar  to  be  the  ftandard,  and  the  fituation  of  the 
fmall  one  is  defcribed  accordingly.  Thus  in  figure  12.  AB  re- 
prefents  the  apparent  diurnal  motion  of  a ftar  in  the  direction 
of  the  parellel  of  declination  AB  ; and  the  fmall  ftar  is  faid  to  be 
fouth  preceding  at  mn9  north  preceding  at  op , fouth  following 
at  qr9  and  north  following  at  st.  The  meafure  of  thefe 
angles,  I believe,  may  be  relied  upon  to  20  or  at  moft  30,  ex- 
cept when  mentioned  inaccurate,  where  an  error  amounting  to 
50  may  poftibly  take  place.  In  mere  eftimations  of  the  angle, 
without  any  wires  at  all,  an  error  may  amount  to  at  leaft  io°, 
when  the  ftars  are  near  each  other. 

VI.  The  dates  when  I firft  perceived  the  ftars  to  be  double, 
treble,  &c.  are  marked  in  the  margin  of  each  ftar. 

To  fhorten  the  work  as.  much  as  poflible,  1 have  put  L.  for 
the  large  ftar  ; S.  for  the  fmall  ftar  ; w.  for  white  ; r.  for  red  ; 
d.  for  dufky ; n.  for  north;  f.  for  fouth ; and  have  likewife 


occa- 
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occafionally  fifed  other  abbreviations  that  will  be  eafily  under- 
flood. 

It  may  be  feen,  that  this  catalogue  is  yet  in  a very  imper- 
fe£t  Rate,  many  of  the  ftars  not  having  even  the  principal 
elements  of  diftance  and  pofition  determined  with  any  degree 
of  accuracy  ; but  having  already  mentioned  the  reafon  why  I 
give  it  imperfect  as  it  is,  I can  only  add  that  my  endeavours 
will  not  be  wanting  foon  to  remove  thofe  defects.  However, 
fince  this  can  only  be  a work  of  fome  time,  we  may  hope,  in 
the  mean  while,  that  many  lovers  of  the  fcience  will  turn 
their  thoughts  upon  the  fame  fubjedl. 


CATALOGUE  OF  DOUBLE  STARS. 

FIRST  CLASS. 

1.  £ Bootis.  flamst.  36.  Ad  dextrum  femur  in  perizomate. 

Sept.  9.  Double.  Very  unequal.  L.  reddifh  ; S.  blue,  or 

1779-  rather  a faint  lilac.  A very  beautiful  objedl.  The 
vacancy,  or  black  divifion  between  them,  with  227 
is  i diameter  of  S. ; with  460,  1 1 diameter  of  L. ; 
with  932,  near  2 diameters  of  L. ; with  1159?  ^iH 
farther  ; with  2010  (extremely  diftinft)  24  diameters 
of  L.  Thefe  quantities  are  a mean  ol  two  years  ob- 
fervation.  Pofition  310  34'  n.  preceding. 

2.  I Urfce  majoris.  fl.  53.  In  dextro  pofteriore  pede. 

May  2,  Double.  A little  unequal.  Both  w.  and  very 
1780.  bright.  The  interval  with  222  is  4 diameter  of  L. ; 
with  227,  1 diameter  of  L. ; with  278,  near  1 \ dia- 
meter of  I/.  Pofition  530  47'  f.  following. 

CL2  3.  <r  Coronae 
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3.  <r  Coronae  borealis,  fl.  17. 

Aug. 7,  Treble.  The  two  neareft  pretty  unequal;  the 
1780.  third  very  faint  with  powers  lower  than  460.  The 
two  neared:  both  w. ; the  third  d.  Interval  of  the 
two  nearefi  with  227,  full  if  diameter  of  L. ; with 
460,  2 diameters  of  L.  Pofition  770  32'  n.  pre- 
ceding. Diftance  of  the  third  from  L.  24"  by  exaeft 
eft. i mat  ion.  Pofition  250  n.  following  by  eftimation. 

4.  In  conftellatione  Draconis,  fl.  16. 

8,  Double.  It  is  the  ftar  to  which  a line  drawn  from 
1780.  v through  ^ points,  at  nearly  the  fame  diftance  from 
p as  fi  from  v.  Confiderably  unequal.  L.  w. ; S.  w. 
inclining  to  r.  With  222,  1 diameter  of  L. ; with 
278,  1 f diameter  of  L.  Pofition  240  o'  f.  following. 
There  is  a third  ftar,  at  fome  diftance,  preceding. 

5.  c Caffiopeae,  fl.  8.  In  dextro  cubito. 

Aug-31,  Double.  It  is  the  ftar  at  the  vertex  of  a telefcopic 
1780.  ifofceles  triangle  turned  to  the  fouth.  Very  unequal. 
L.  w.  a little  inclining  to  r. ; S.  d.  With  222,  near 
1 diameter  of  L. ; with  460,  if  diameter  of  L. 
Pofition  6o°  28''  n.  preceding. 

6.  Quae  infra  oculum  Lyncis,  fl.  12. 

Oa.  3,  A curious  treble  ftar.  Two  neareft  pretty  unequal. 
*7 So.  L.  w. ; S.  w.  inclining  to  rofe  colour.  With  227, 
about  f diameter ; with  460,  full  £ diameter  of  S. 
Pofition  88°  37'  f.  preceding.  The  firft  and  third 
confiderably  unequal ; fecond  and  third  pretty  un- 
equal. The  third  pale  r.  Diftance  from  the  firft: 
9"  ; too  difficult  to  be  extremely  exa£t.  Pofition 

with  regard  to  the  firft  320  3.3'  n.  preceding. 

7.  b Draconis, 
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7.  £ Draconis,  fl.  39.  Trium  in  redta,  in  prima  infle&ione 

colli,  borea. 

Oct.  3.  A minute  double  ftar.  Extremely  unequal,  the 
1780.  fmall  ftar  being  a fine  lucid  point.  L.  w. ; S.  in- 
clining to  r.  With  227,  l diameter  of  L.  ; with 
460,  full  if  diameter  of  L. ; with  932  (extremely 
fine)  full  2 diameters  of  L.  Pofition  77°  8'  11.  fol- 
lowing. A third  ftar  at  fome  diftance ; dufky  r. 
Pofition  63°  22 ' n.  following. 

8.  £ Draconis,  FL.  63.  In  quadrilatero  inflexionis  primae. 

Oct.  3,  A very  minute  double  ftar.  Exceflively  unequal ; 

1780.  the  fmall  ftar  can  only  be  feen  when  the  air  is  per- 
fectly clear.  L.  w.  ; S.  d.  With  227,  lefs  than  1 
diameter  of  L. ; with  278,  not  a diameter  of  L. 
Pofition  63°  if  n.  preceding.  A pretty  large  third 
ftar  at  about  3 or  f.  Pofition  of  this  third  ftar  with  e 
88°  i6;  n.  following. 

9.  In  cauda  Lyncis  media,  fl.  38. 

Nov.24.  Double.  Very  unequal.  L.  w.  ; S.  inclining  to 
1780.  r.  With  227,  extremely  clofe  ; with  460,  at  lead 
I diameter  of  S.  A very  fine  objeft.  Pofition  250  51' 
f.  preceding.  A proper  motion  is  fufpected  in  one  of 
the  ftars. 

10.  In  finiftro  anteriore  pede  Monocerotis,  fl.  ii. 

Feb.  15.  A curious  treble  ftar;  may  appear  double  at  firft 
1-781.  fight  ; but  with  fome  attention  we  lee  that  one  of 
them  again  is  double.  The  firft,  or  fingie  ftar,  is  the 
largeft ; the  other  two  are  both  fmaller,  and  almoft 
equal,  but  the  preceding  of  them  is  rather  larger 
than  the  following.  They  are  all  w.  The  two 
xjeareft  with  227,  1 diameter  of  the  preceding,  or 

nearly 
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nearly  1 1 of  the  following ; with  460,  1 \ diameter  of 
the  preceding.  Pofition  of  the  two  neareft  ii°  32'  f. 
following.  For  an  account  of  the  fmgle  liar,  fee 
the  lecond  clafs.  As  perfect  as  1 have  feen  this  treble 
ftar  with  460,  it  is  one  of  the  moft  beautiful  fights 
in  the  heavens  ; but  requires  a very  tine  evening. 

11.  In  conftellatione  Cancri,  fl.  ii. 

Mar.  13,  Double.  Confiderably  unequal.  Both  pale  r. 
1781.  With  227,  1 full  diameter  of  L. ; with  460,  about 
1 1 diameter  of  L.  Pofition  85°  10'  n.  preceding, 

12.  d Serpentis,  fl.  59.  In  Cauda. 

July  17,  Double.  Very  unequal.  L.  reddifh  w.  ; S.  fine 
1781.  blue.  With  227,  1 full  diameter  of  L. ; with  278, 
14  diameter  of  L.  Pofition  440  33'  n.  preceding. 

13.  In  conftellatione  Aquilae,  near  fl.  37. 

July  25,  A curious  treble  ftar.  It  is  the  laft  ftar  of  a tele- 
1781-  fcopic  trifolium  n.  following  k,  fimilar  to  that  in  the 
hand  of  Aquarius.  The  two  neareft  very  unequal ; 
the  third  flar  exceffively  fmall,  and  not  vifible  with 
227.  The  two  neareft  with  460,  no  more  than  \ 
diameter  of  L.  ; the  farthefl  about  7 or  8 A 

14.  In  conftellatione  Aquilae,  fl.  24. 

July  30,  Double.  In  Harris’s  maps  it  is  the  ftar  in  the 
*781.  elbow  of  Antinous.  Exceffively  unequal ; the  fmall 
ftar  is  but  juft  vifible  with  227  ; but  with  460  it  is 
pretty  ftrong.  L.  pale  r.  ; S.  d.  With  227,  1 full 
diameter  of  L. ; with  460,  1 \ diameter  of  L.  Pofi- 
tion 7 20  o'  f.  following. 

15.  /Bootis,  fl.  44. 

Au-.r7.  Double.  In  Harris’s  maps  it  is  marked/,  but  has 
1781-  no  letter  in  fl.  Atlas.  Confiderably  unequal.  Both 
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w.  With  22 7 they  feemalmod  to  touch,  or  at  moft 
l diameter  of  S.  afunder ; with  460,  | or  | diameter 
of  S.  This  is  a fine  object  to  try  a telefcope,  and  a 
miniature  of  a,  Geminorum.  Pofition  29°  54'  n. 
following. 

16.  r,  Coronse  borealis,  fl.  2. 

Double.  A little  unequal.  They  are  whitifh  dars. 

They  feem  in  contact  with  227,  and  though  I can 
fee  them  with  this  power,  I fhould  certainly  not 
have  difcovered  them  with  it ; with  460,  lefs  than 
l diameter;  with  932,  fairly  feparated,  and  the  in- 
terval a little  larger  than  with  460.  I law  them  alfo 
with  2010,  but  they  are  fo  clofe  that  this  power  is 
too  much  for  them,  at  lead  when  the  altitude  of 
the  ftars  is  not  very  conliderable ; with  460  they  are. 
as  fine  a miniature  of  i Bootis  as  that  is  of  « Gemi- 
norum. Pofition  59*  19'  n.  following. 

17.  In  condellatione  Bootis,  near  fl  51. 

Sept.ro.  Double.  It  is  a dar  near  p not  marked  in  FLAM- 
1781.  stead’s  Catalogue.  Confiderably  unequal.  Both 
dufky  w.  inclined  to  r.  The  interval  with  460  is 
| diameter  of  S.  The  pofition  of  the  finall  ftar  is 
turned  towards  y.  a little  following  the  line  which 
joins  L to  fj,  Bootis.  See  p Bootis  in  the  lixth  clafs. 

,8.  In  condellatione  Coronae  borealis.. 

Sept.  10.  Double.  It  is  the  fmalled  of  two  telefcopic  dars 
1781.  between  9 and  J,  not  contained  in  fl.  Cat.  Equal. 
Both  d.  With  460,  about  1 £ diameters.  Pofition 
. 2i°  o'  n.  following. 
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ip.  h Draconis,  near  fl.  19. 

Sept.  10.  One  of  the  mod  minute  of  all  the  double  ftars  I 
have  hitherto  found.  It  is  the  fmall  teleicopic  ftar 
near  the  preceding  h Draconis.  Confiderably  unequal. 
Both  dufky  w.  inclining  to  r.  With  460,  they  feem 
in  contact ; I have  however  had  a very  good  view  of 
a fmall  dark  divition  between  them.  Pofition  (by 
exad  e&imation)  2^  or  30°  f.  preceding.  They  are 
too  minute  for  any  micrometer  I have.  It  is  in  vain 
to  look  for  them  if  every  circumftance  is  not  fa- 
vourable. The  obferver  as  well  as  the  in  dr  u men  t 
mull  have  been  long  enough  out  in  the  open  air  to 
acquire  the  fame  temperature.  In  very  cold  weather, 
an  hour  at  lead;  will  be  required  ; but  in  a moderate 
temperature,  half  an  hour  will  be  fufficient. 

20.  In  dextrohumero  Orionis,  fl.  52. 

Oa.  1.  Double.  A little  unequal.  Both  w.  a little  in- 
1781.  dining  to  pale  r.  With  227,  h diameter;  with 
460,  \ diameter.  Pofition  69°  41'  1.  preceding. 

2r.  c Trianguli,  near  fl.  12.  and  13. 

Oa.  8.  Double.  It  is  the  mod  north  of  a fmall  telefcopic 
1781.  trapezium  of  unequal  Pars.  Extremely  unequal. 
With  460,  | diameter  of  L.  Pofition  (by  edima- 
tion)  55  or  6o°  n.  preceding. 

22.  n Orionis,  fl.  33.  Duarum  praecedentium  13*"*  («)  ante- 
cedens. 

Oa  22.  Double.  Confiderably  unequal.  L.  w. ; S.  w. ; 
1781-  inclining  to  blue.  With  227,  they  feem  almod  in 
contad ; with  460,  | diameter  of  S.  Pofition 
6o°  55'  n.  following.  A very  plealing  objed  and 
eafily  feen. 

4 23.  In 
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23.  In  poflerioribus  femoribus  Can  is  minoris, 

N0V.21,  A moft  minute  double  flar.  It  is  the  fmnll  tele- 
1 78 1.  fcopic  flar  following  Procyon.  A little  unequal.  Both 
w.  With  278,  4 of  a diameter  of  S. ; with  460, 
near  l of  a diameter  of  S.  They  are  clofer  than  y 
Corona?,  becaufe  their  diameters,  by  which  they  are 
eflimated,  are  fmaller.  Pofition  270  2l'  f.  following. 
To  fee  this  very  minute  double  flar  well,  Procyou 
fhould  be  near  its  meridian  altitude.  There  is  a fmall 
telefcopic  flar  preceding  the  double  flar.  Diflancc 
1'  59 " 39'"  from  center  to  center. 

24.  \ Cancri,  fl.  16. 

Nov.21,  A mofl  minute  treble  flar.  It  will  at  firfl  light 
*781.  appear  as  only  a double  flar,  but  with  proper  atten- 
tion, and  under  favourable  circumflances,  the  pre- 
ceding of  them  will  be  found  to  confifl  of  two  flars* 
which  are  confiderably  unequal.  The  largefl  of 
thefe  is  larger  than  the  fingle  flar ; and  the  leafl  of 
the  two  is  lefs  than  the  fingle  flar.  The  firfl  and 
fecond  (in  the  order  of  magnitude)  pretty  unequal. 
The  fecond  and  third  pretty  unequal.  The  two 
nearefl  both  pale  r.  or  r.  With  278,  but  juft  fepa- 
rated  ; with  460,  | diameter  of  S.  Pofition  86°  32' 
n.  following.  For  meafures  relating  to  the  third 
or  fingle  flar  fee  £ Cancri  in  the  third  clafs  of  double 
liars. 
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SECOND  CLASS  OF  DOUBLE  STARS. 

• » f r 

4 . 

1.  t « Geminorum,  fl.  66.  In  capite  pnecedentis  II1. 

.April  8,  Double.  A little  unequal.  Both  w.  The  vacancy 

1 77 8*  between  the  two  fiars,  with  a power  of  146,  is  1 
diameter  of  S. ; with  222,  a little  more  than  1 dia- 
meter of  L. ; with  227,  1 1 diameter  of  S. ; with 
460,  near  2 diameters  of  L.  ; (fee  fig.  6.)  with  754,  2 
diameters  of  L. ; with  932,  full  2 diameters  of  L. ; 
with  1536  (very  fine  and  diftinft)  3 diameters  of  L..; 
with  3168,  the  interval  extremely  large,  and  ftill 
pretty  diftindt.  Diftance  by  the  micrometer  5",  156. 
Pofition  3 20  47'  n.  preceding.  Thefe  are  all  a mean 
of  the  lad:  two  years  obfervations,  except  the  firft 
with  146. 

2.  t a Herculis,  fl.  64.  In  capite. 

Aug. 29,  A beautiful  double  fiar.  Very  unequal.  L.  r. ; 

1 779*  S.  blue  inclining  to  green  ; the  colours  with  every 

power  the  fame.  The  interval  with  222.,  if  diame- 
ter of  L.  ; with  227,  above  2 diameters  of  L. ; with 
932,  above  3 diameters  of  L.  Difiance  4/;966.  All 
a mean  of  two  years  obfervations.  A (ingle  meafure 
with  my  lafi  new  micrometer,  from  center  to  center, 
4"  347//.  Pofition  30°  35'  f.  following. 

3.  * £ Herculis,  fl.  75.  Trium  in  finifiro  femore,  tertia. 

Aug. 2 9,  Double.  Pretty  unequal.  Both  w.  With  227, 

l779*  1-4  diameter  of  L.  ; with  460,  2 diameters  of  S. 

Difiance  2", 969.  Pofition  30°  21'  n.  preceding. 
The  meafures  a mean  of  two  years  obfervations. 
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4*  * p Serpentarii,  fl.  70 . Tres  has  fequitur,  quafi  fupra 

mediam. 

Aug.29.  Double.  Confiderably  unequal.  L.  w. ; S.  in- 
*779-  dining  to  r.  With  227,  1 * diameter  of  L. ; with 
460,  much  above  2 diameters  of  L.  Pofition  90  1 4' 
1.  following.  Mean  of  two  years  obfervations. 

5.  et  6.  * e Lyra,  fjl.  4.  and  5. 

Aug.29.  A very  curious  double-double  ftar.  At  firfl  light 
l779-  it  appears  double  at  fo me  confide rable  diftance,  and 
by  attending  a little  we  fee  that  each  of  the  ftars  is 
a very  delicate  double  ftar.  The  firfl:  fet  confiflrs  of 
flats  that  are  confiderably  unequal.  The  ftars  of  the 
fecond  fet  are  equal,  or  the  preceding  of  them  rather 
larger  than  the  following.  The  colour  of  the  ftars 
in  the  firfl  fet  L.  very  w. ; S.  a little  inclining  to  r. 
In  the  iecond  fet  both  w.  The  interval  between  the 
ftars  of  the  unequal  fet,  with  a power  of  227,  is  full 
1 diameter  of  L. ; with  46°*  near  1 \ diameter  of 
L.  ; with  932,  full  1!  diameter;  with  2010,  24 
diameters.  The  interval  between  the  equal  fet  with 
a power  of  227  is  almoft  ii  diameter  of  either;  with 
460,  full  1 1 diameter;  with  932,  2 diameters; 
with  2010,  2 1 diameters,  Thefe  eftimations  are  a 
mean  of  two  years  obfervations.  Pofition  of  thp 
unequal  fet  56°  o'  n.  following.  Pofition  of  the  equal 
fet  yz°  57'  1.  following. 

7.  * ^Aquarii,  fl.  55.  Trium  in  manu  dextra  prsecedens. 

Sept.  12.  Double.  Equal,  or  the  preceding  rather  the 

1 779*  largeft.  Both  w.  With  22 7,  i|  diameter;  with 
449,  14  diameter;  with  460,  2 diameters;  with 
910,  near  2 diameters;  with  932,  ’z\  diameters; 

R 2 * with 
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with  2010,  pretty  diftin&  but  too  tremulous  toefti- 
mate.  With  my  20  feet  refkaor,  power  600,  full 
2 diameters,  very  diftfndt.  Pofition,  71  39 
following-,  Diftance  4 //9s6,  mean  of  two  years- 
obfervation. 

8.  g Corona  borealis,  fl.  7, 

Oft.  1.  Double.  Confiderably  unequal.  L.  fine  w,  S. 
1779.  w.  inclining  to  r.  With  222,  almoft  3 diameters 
of  L.  Diftance  5", 468.  Pofiti on  250  51'  n\  pre- 
ceding, mean  of  two  years  obfervation s. 

9.  x Orionisy  fl.  39.  In  capite  nebulofa, 

Oa.  7.  Quadruple,  or  rather  a double  ftar  and  two  moie 
1,779,  at  a fmall  diftance.  The  double  ftar  confiderably  un- 
equal. L.  w. } S.  pale  rofe  colour,  Whth  222,  ij 
diameter  of  L. ; wuth  449’  above  two  diameteis  of 
D.  Diftance  5", 833,.  a mean  of  all  the  meafures. 
Pofition  45°  14'  n.  following.  As  every  one  of  the 
four  ftars  is  perfectly  diftindt,  it  is  evident,  the  whole 
appeared  nebulous  to  flamstead  for  no  other  reafon 
than  becaufe  his  telefcope  had  not  fufficient  power  to 


diftingufth  them. 

io.  and  11.  (r  Ononis,  fl.  48.  Ultimam  cinguli  prascedit  ad 
auftrum. 


Oa.  7.  A double-treble  ftar,  or  two'  fets  of  treble  ftars, 
1779-  almoft  fimilarly  fituated.  Preceding  fet.  The  two 

neared:  equal ; the  third  larger  and,  compared  with 
either  of  the  former  two,  pretty  unequal.  The  two 
neareft  with  222,  about  2 diameters.  Pofition  of  the 
following  ftar  of  the  two  neareft  with  the  third 
66°  35'  f.  preceding.  Pofition  of  the  two  neareft, 

by  exad  eftimation,  2 or  30  n.  following  or  f.  pre- 
s ceding 
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ceding  the  following  fet.  The  two  nenrefit  very 
unequal.  The  largefl  of  the  two  and  the  fartheft 
confiderably  unequal.  JL.  w. ; S.  blueifh.  The  two 
nearefb  with  222,  about  2$  diameters  of  L.  ; the 
two  farthest  43"  12'".  Pofition  of  the  two  nearefl 
50  5'  n.  following.  Pofition  of  the  two  fartheft 
290  f 11.  following.  A pretty  objedt  with  227. 

12.  cc  Pifcium,  fl.  ultima.  In  nodo  duorum  linorum. 

Oa.  19,  Double.  Confiderably  unequal.  Both  w,  With 

1779-  222,  not  quite  2 diameters  of  L. ; with  460,  about 

3 diameters  of  L.  Diftance  5",  123  mean  meafure. 
Pofition  67°  2 f n.  preceding. 

13.  y,  Draconis,  fl.  21.  In  lingua. 

Oa.  19.  Double.  Equal.  Both  w.  With  227,  if  dia- 
i779»  meters  with  460,  2§  diameters.  Diftance  4", 354 
mean  meafure.  Pofition  370  38'  f.  preceding  or  n>- 
following. 

14.  u Auriga,  fl.-  4, 

Oa.  30,  Double.  Very  unequal.  L.  w. ; S.  r.  With 

1779.  227,  almoft  2 diameters  of  L. ; with  460,  full  3; 

diameters  of  L.-  Pofition  82°  37'  n.  preceding. 

13.  Cygni,  fl.  24.  In  ala  dextra, 

Nov.  2,  Double.  Extremely  unequal ; the  fmall  filar  a mere 
1779.  point.  L.  w.  ; S.  r.  With  227,  near  if  diameter 
of  L;  with  278,  near  i f diameter  ot  L. ; with  460,- 
2 diameters  of  L.-  Pofition  89°  32'  n,  preceding, 

16.  I Cephei,  fl.  17.  In  pe&ore. 

jv’ov  y A fine  double  liar.  Confiderably  unequal.  L.  w. 
1779.  inclining  to  r. ; S.  dulky  grey.  With  222,  nearly  2 
diameters  of  L.  Single  meafure  5/;,oo.  Pofition- 
200 18'n.  preceding, 

17 * 
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17.  * In  finiflro  anteriore  pede  Monocerotis,  fl.  ii. 

Dec.  5,  Doable.  With  222,  about  1 i diameter.  Portion 

1 779*  (taken  061.  20,  1781)  with  the  fartheft  of  the  other 
two  flars  31°  38'  L following.  See  the  tenth  liar  in 
the  firfl  clafs. 

18.  J Bootis,  fl.  37. 

April  9,  Double.  Very  unequal.  L.  pale  r.  or  nearly  r. 

S.  garnet,  or  deeper  r.  than  the  other.  With  222, 
1 1 diameter  of  L , with  460,  full  3 diameters  of 
L.  Diflance  3"  2 3"'  fingle  meafure.  Pofition 
65°  So  n*  following. 

19.  g Serpentarii,  fl.  5. 

May  2,  Double.  It  is  a flar  in  the  body  of  Cancer,  and 

I7So*  the  double  flat  is  at  the  angular  point  of  the  three 

telefcopic  g's  making  a rectangle.  Pretty  unequal. 
Both  w.  With  227,  i{  diameter  of  L.  Pofition 
82°  1 o'  f.  preceding. 

20.  and  21.  | Librae,  fl.  ultima. 

May  23,  Double  double.  The  firfl  fet  very  unequal.  L. 

171°.  fine  w.  With  227,  nearly  2 diameters  of  L *.  By 
the  micrometer  6"  2 3"',  but  too  large  a meafure. 
Pofition  i°  23"  n.  following.  The  other  fet  both 
fmall  and  obfeure.  With  227,  perhaps  5 or  6 of 
their  diameters  afunder. 

22.  e Perfei,  fl.  45.  In  finiflro  genu. 

Aug.  2,  Double.  Extremely  unequal.  L.  w. ; S.  d.  With 

*78°.  222,  2 1 diameters  of  L.  Pofition  8i°  28'  f.  fol- 

lowing, a little  inaccurate.  A third  flar  near  at 
about  1 1 or  1 £ min. 

* In  a future  colleaion  this  fet  will  be  found  as  a treble  Har  of  the  firfl  clafs 

- f t 

the  large  white  liar,  with  a power  of  460  and  932,  appearing  to  be  two  liars. 

23.  In 


of  Double  Stars . 127 

23.  In  conttellatione  Serpentarii,  near  fl.  ii. 

Aug.  7,  Double.  It  is  the  {malleft  and  preceding  of  two  in 
1780..  the  finder.  Pretty  unequal.  L.  pale  r. ; S.  dufky  r. 
With  222',  about  1|  diameter  of  L. ; with  278, 
about  1 j diameter  of  L.  ;•  with  460,  above  2;  dia- 
meters of  L.  Pofition  46p  24'  n.  preceding.  A 
little  inaccurate.. 

24.  I11  conttellatione  Aquarii,  fl..  1.08.  In  fequenti  flexu  5* 

ad  A. 

Aug. 23,  Double.  I11  Harris’s  maps  it  is  marked  /.  Uir- 
i7oc.  equal.  With  227,  2 diameters ; with  460,  about 
3 diameters. 

25.  k Cygni,  fl.  52. 

Sept.  8,  Double.  Extremely  unequal.  L.  w.  inclining  to 1 

i7So*  r.  ; S.  d.  and  extremely  faint;  with  227,  2f  dia- 
meters of  L. ; with  460,  about  4 diameters  of  D. 
or  more.  Pofition  28°  if  n.  following. 

26.  In  conttellatione  Orionis,  near  fl.  42.  In  longo  enfis. 

Double.  It  is  the  moft  north  of  three  telefcopic 
j78o*  ttars  in  a line  at  the  end  of  a clutter  near  c.  Ex- 
tremely unequal.  L.  w. ; S.  d.  With  278,  rf 
diameter  of  L.  Polition  26°  f n.  following. 

27.  ^'Geminorum,  fl.  55.  In  inguine  hnittro  fequentis  II:. 

Mar.  13,  Double.  Extremely  unequal.  L.  w.  inclining  to- 

1781*  r. ; S.  r.  With  227,  about  2j  full  diameters  of  L. ; 
with  460,  4 or  5 diameters.  Pofition  85°  5P  f.. 
preceding. 

28.  In  conttellatione  Aquilae,  near  fl.  54. 

July  23,  Double.  It  is  a ttar  following  a.  Excettively  un- 
x78l«  equal.  Tile  fmall  ttar  is  not  vifible  with  227,  nor- 
with  278-  It  is  vittble  with  460  ; but  not  without: 

attention.. 
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attention,  Dibance  with  460,  about  4 or  5 diame- 
ters of  L.  Pofition,  by  very  exaft  ebimation,  36°  28' 
n.  preceding* 

29.  In  conbellatione  Aquilae,  near  fl.  63.  In  medio  capite. 


July 


1 T 

Jl9 


Double.  It  is  the  bar  at  the  vertex  of  a telefcopic 


Aug.  2 3, 
■1 7 Si. 


1781.  ifofceles  triangle  near  r.  Extremely  unequal.  Both 
r.  With  460,  2 diameters  of  L.  Pofition  750  48' 
n.  preceding. 

-30.  £ Sagittae,  fl.  8.  Trium  in  arundine  fequens. 

Double.  Extremely  unequal.  The  fmall  bar 
brighter  with  460  than  with  227  or  with  278  ; with 
460,  between  4 or  5 diameters  of  L. ; with  278,  2 1 
diameters  of  L.  Dibance  5"  27"'  inaccurate.  Pofi- 
tion 3 40  1 o' n.  preceding. 

' ^ 1.  In  conbella.tione  Draconis,  fl.  56. 

Sept.  6,  Double.  A little  unequal.  Both  w.  With  460, 
1781.  near  3 diameters.  Dibance  7r//. 

32.  In  conbellatione  Sagittae,  near  fl.  4. 

Sept.  7,  Double.  It  is  the  bar  north  following  e.  L.  pale 
1781.  r. ; S.  d.  Dibance  5"  inaccurate. 

33.  (2  Orionis,  fl.  19.  In  finibro  pede  fplendida. 

Oil.  i,  Double.  Extremely  unequal.  L.  w. ; S.  inclin- 
3781.  jag  to  r.  With  227,  or  z\  diameters  of  Rigel. 
With  460,  more  than  3 diameters  of  L.  Dibance 
6"  27  Pofition  68°  12'  b preceding.  The  fmall 
bar  not  \yanting  apparent  magnitude  is  better  to  be 
feen  with  my  power  of  227  than  with  460. 

34.  1 Trianguli,  fl.  6. . 

oa.  8,  Double.  It  is  marked  b in  the  fmall  triangle  of 
1781.  Harris’s  maps.  Very  unequal.  L.  pale  r.  or  red- 
dilh  w. ; S.  blueilh  r.  With  227,  full  l£  diameter 

of 
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of  L. ; with  460,  full  1 \ diameter  of  L.  Pofitioii 
4°  23'  n.  following.  A pretty  objed,  fomewhat  re- 
fembling  a Herculis,  blit  fmaller  and  not  fo  bright. 

35.  In  condellatione  Trianguli,  hear  fl.  6. 

Ott.  8,  Double.  It  is  the  ftar  following  1.  Equal.  Both 

*781,  dufky  w.  With  460,  about  2§  diameters. 

36.  I11  condellatione  Eridani,  fl.  32. 

Oa.  22.  Double.  Confiderably  unequal.  L.  reddifli  w. ; 

57^i.  S.  blue.  Distance  4"  iy"\  Pofition  730  23' n.  pre- 
ceding. 

37.  In  capite  Monocerotis. 

Oa.  22.  Double.  It  is  one  of  a clutter  of  fix  telefcopid 

i78i»  ftars,  arranged  in  pairs. 

38.  In  conttellatione  Bootis. 

Dec. 24,  Double.  It  is  the  moft  north  and  largett  of  three 

*78li  ill  aline,  f.  following  fl.  15.  Confiderably  uiiequafi 
L.  w. ; S.  inclining  to  r;  Dittance  5"  io"\  Pofi- 
tion 83°  5'  f.  preceding. 

THIRD  CLASS  OF  D O t/  B L E STARS. 

i.  + 9 Orionisj  fl.  41.  Trium  contiguarum  in  longo  eftfis 
media. 

Nov.11.  Quadruple;  It  is  the  fm all  telefcopic  Trapezium 

1776*  in  the  Nebula.  Confiderably  Unequal.  The  moil 
fouthern  ttar  of  the  following  fide  of  theTrapeziurri 
is  the  largett ; the  ttar  in  the  oppofite  corner  is  the 
fmallett ; the  remaining  two  are  nearly  equal.  L. 
pale  r. ; the  ttar  preceding  L.  inclined  to  garnet ; fol- 
lowing L.  inclined  to  garnet ; oppofite  to  L.  d.  With 
460,  the  liars  are  all  full,  round,  and  well-defined. 
Vol,  LXXII.  S The 
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L.  fine  w.  ; S.  fine  gar- 
Diftance  1 1",2 75  mean 
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The  two  ftars  in  the  preceding  fide  diftance  8 ^7  80  ; 
in  the  fouthern  fide,  I27,,8i2  ; in  the  following  fide 
1 5", 208;  in  the  northern  fide,  20", 396. 

2.  £Urfae  majoris,  fl.  59.  Triumin  cauda  media. 

Auv.i),  Double.  Confiderably  unequal.  L.  w;  S.  w; 

1779*  inclining  to  pale  role  colour.  Diftance  14  ?5 

two  years  obfervation,  not  a mean  but  that  which  I 
fuppofe  neareft  the.  truth.  Polition  5.6°  46  f.  fol- 
lowing. 

3.  7]  Cafliopeae,  fl.,  24.  In  cingulo. 

Aug.  17,  Double.  Very  unequal. 

1779,.  net,  both  beautiful  colours. 

meafure.  Pofition  27°  5^/m  following. 

4.  In  extremitate  pedis  Cafliopeaer  fl.  55.  < Ptolemaei. 

Aug.!7,  Double.  Extremely  unequal.  L.  w. ; S.  blueifh  r; 

1779*  Diftance  7^,5  fugle  meafure.  Pofition  10  37 
following  J. 

c.  * ^ Andromeda?,  fl.  57.  Supra  pedem  finiftrum. 

Aug. 25,  Double.  Very  unequal.  L.  reddifh  w. ; S.  fine- 

1779.  light  fky-blue,  inclining  to  green.  Diftance  9^, 254 
a mean  of  two  years  obfervation.  Pofition  19  37^ 
n.  following..  A moft  beautiful  objeft.- 

6.  (2  Cephei,  fl.  8.  In  cingulo  ad  dextrum  latus. 

A ug.31..  Double.  Very  unequal*  E.  blueifh  w. ; S..  gar- 

1779-  net.  Diftance  25.  Pofition  28'  f.  preceding. 

7.  * (3  Scorpii,  fl.  8.  Trium  in  fronte,  lucidarum,  borea. 

Sept.  19,  Double.  Very  unequal.  L..  whitifh  r;  S.  r._ 

1779*  Diftance  1 4", 375-  Pofition  64°  5 1'  n.  following. 

..  • , '•  . 

In  a future  collection  this  will  be  found  as  a treble  flat  of  the  fiilt  clals ; the 


large  ftar  having  a fmall  one  preceding,  eafily  feen  with  460  and  932, 
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8.  * 7r  Bootis,  fl  29. 

Sept.20,  Double.  Pretty  unequal.  L.  w. ; S.  w.  inclining 

X779-  tor.  Diflance  67/,  1 7 1 • Pofition  6'  28'  f.  following. 

9.  t 7 Arietis,  fl.  5.  Quae  in  cornu  duarum  prascedens. 

Sept.27,  Double.  Equal,  or  if  any  difference  the  following 

1779.  is  the  largeff.  Diflance  io//,i72,  a mean  of  two 
years  oblervation.  L.  w.  inclining  a little  to  r. ; S. 
w.  Pofition  86°  f n.  preceding. 

10.  * y Del ph ini,  fl.  12.  Borea  fequentis  lateris,  quadrilateri. 

Sept.27,  Double.  Nearly  equal,  the  following  a little 

1779.  larger.  Both  w.  Diflance  1 i",822,  being  a mean  of 
the  meafures  taken  in  Sept.  OS.  Nov.  and  Dec.  1779* 
As  I fufpedl  a motion  in  one  of  thefe  liars,  I thought 
it  heft  not  to  join  other  obfervations  in  that  mealuie* 
Pofition  40  9'  n.  preceding. 

U.  z Bootis,  FL.  1 7.  Trium  in  finiflro  manu  praecedens. 

Sept.27,  Double.  Very  unequal.  L.  w. ; S.  d.  Diflance 

1779.  1 2^503,  a mean  of  the  obfervations  in  17/9,  80,  81. 

Pofition  about  30°  f.  preceding. 

12.  1 Ononis,  fl.  44*  Trium  contiguarum  in  enie  auflnna. 

O a.  7,  Treble.  It  is  the  following  or  largefl  of  the  two 

1779*  fs.  One  is  L. ; the  other  two  are  extremely  fmalL 

L.  w. ; the  other  two  both  dufky  r.  Diflance  of 
the  nearefl  1 2 ",5.  Diflance  of  the  farthefl  48"  31 
Pofition  of  the  nearefl  43°  51'  following.  Pofition 
of  the  farthefl  1 1°  19'  f.  following. 

13.  and  14.  < Orionis,  fl.  44.  Trium  contiguarum  in  enfe 

auflrina. 

oa.  7)  Double-treble.  It  is  the  preceding  or  fmalleft  of 

,m’.  the  two  ,’s.  The  preceding  fet  (forming  a triangle) 
confifts  of  three  equal  liars.  All  dufky  r.  Diflance 
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of  the  two  neareft,  with  22  7,  about  3 diameters. 
The  following  fet  (forming  an  arch)  confifts  of  three 
ftars  of  different  frzes.  The  middle  ftar  is  the  largeft  ; 
that  to  the  fouth  is  aifo  pretty  large ; and  the  third 
is  very  final!.  L.  w. ; 1.  w. ; S.  pale  r.  Diftance 

3 6">25- 

15.  * /*  Cygni,  fl.  78. 

061.19,  Double.  Confiderably  unequal.  L.  w.  ; S.  blueifli* 
*779-  Diftance  6", 927  mean  meafure.  Portion  20°  15'  f. 
following. 

1 6.  * In  conftellatione  Delphini,  fl.  1. 

Nov.  15,  Double.  It  is  the  ftar  fouth  preceding  e.  A little 
1779-  unequal.  Both  w.  Diftance  12", 5.  Pofition  90  42:' 
f.  preceding. 

17.  In  extremitate  caudae  Lacertae,  fl.  i. 

Nov.20,  Double.  Confiderably  unequal.  L.  w. ; S.  d- 

079)  inclining  tor.  Diftance  1 3"  43, inaccurate.  Pofi- 
fition  7 6°  1 6'  f.  preceding. 

18.  t y Virginis,  fl.  29.  De  quatuor  in  ala  finiftra,  fequens* 
Jan.  21,  Double.  Equal.  Both  w.  Diftance  7", 333  mean 

178°.  meafure.  Pofition  40°  44  f.  following, 

19.  t Z Cancri,  fl..  16. 

April  5,  Double.  Confiderably  unequal.  L.  pale  r. ; S... 

pale  r.  Diftance  8//,046  mean  meafure.  Pofition 
88°  i6/  f.  preceding.  See  the  24th  in  the  firft  clafs. 

20.  I11  conftellatione  Bootis. 

Jane  25,  Double.  Draw  a line  through  tt  and  f to  the  fmall 
178°.  ftar  under  the  right  foot,  and  erecting  a perpendicular 
towards  the  left  foot  of  equal  length,  the  end  of  it 
will  mark  out  this  double  ftar.  Pretty  unequal. 

Both 
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Both  r.  Didance  f'  full  me  a (lire.  Pofition 
590  32/  n.  preceding. 

21.  In  condellatione  Equulei,  fl  r. 

Aug  2,  Double..  Considerably  unequal.  L.  w. ; S.  much 
i78o*  inclining  to  r.  Didance  9", 37  5 mean  meafure. 
Pofition  50  39'  n.  following.  A third  Small  Star  fol- 
lows at  Some  didance. 

22.  Quae  infra  oculum  Lyncis,  fl.  12. 

Aug.  7,  Double.  With  222,  about  3 diameters  of  D. 
j78°*  Considerably  unequal.  L.  w.  ; S.  pale  r.  Didance- 

9"  23'",  not  extremely  accurate.  Pofition  320  33.^ 
n.  preceding.  See  the  lixth  Star  in,  the  fird  clafs. 

23.  In  condellatione  Cafliopeie,  fl.  34. 

Aug.  8,  Double.  It  is  one  of  two  telefcopic  dars,  and  is 
178°*  marked  <p  in.  Harris’s  maps.  Extremely  unequal. 
L.  pale  r. ; S.  d..  Didance  about  1 2"  or  more. 

24.  Q Sagittae,  fl..  17. 

Aug.  8,  Treble.  The  two  neared;  extremely  unequal..  L. 
i78°*  pale  r. S.  d.  Third  dar  pale  r.  Didance  of  the 
two  neared:  11"  8;//.  Didance  of  the  two  larged;' 
i'  7"  49///. 

25.  In  condellatione  Serpentarii,  fl.  39. 

Aug.24,  Double.  It  is  the  mod  South  and  larged  of  two 
178°.  in  the  finder.  Very  unequal.  L.  w. ; S.  inclining 
to  blue.  Didance  io''  2 a little  inaccurate. 
Pofition  87°  14'  n.  preceding. 

26.  * In  condellatione  Cerberi  1.  hevelii  ia.  fl.  Herculis 


95- 

Sept.  8,  Double.  It  is  the  dar  in  the  leaf  neared  to  Her- 
1780.  cules’s  face  and  hand.  Equal.  Preceding  w.  Fol- 
lowing; 


*34- 
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lowing  blueifh.  w.  Diftance  W Pofition  40  <)r 

f.  preceding  or  n.  following. 

27.  In  conftellatione  Navis,  near  fl.  3. 

Feb.  15,  Double.  It  is  a ftar  between  y Canis  majoris  and 
1 7s  1 • | Navis.  Equal.  Diftance  about  1 5". 

28.  In  conftellatione  Navis,  near  fl.  9. 

Feb.  15,  Double.  It  is  one  of  two  telefcopic  ftars  under 
1781.  Monoceros.  Diftance  about  W' . 

29.  In  naribus  Monocerotis,  fl.  8.  :: 

Feb.  15,  Double.  Diftance  about  1 z" . 

30.  * In  conftellatione  Leonis,  fl.  54.  Duarum  fupra  dor- 
fum  fequens. 

Feb.  21,  Double.  Confiderably  unequal.  L.  brilliant  w. ; 
1781.  S.  afh-colour,  or  greyifli  w.  Diftance  7"  6 " mean 
meafure.  Pofition  90  14'  f.  following. 

31.  I11  conftellatione  Herculis. 

May 20,  Double.  Over  1 Equal.  Both  very  fmall. 
1781.  Diftance  about  io7/. 

32.  In  conftellatione  Aquilas,  fl.  ii. 

July  25,  Double.  It  is  the  moft  fouth  of  two  near  e and  f 
1781.  Exceftively  unequal.  S.  hardly  vifible  with  227,  but 
pretty  ftrong  with  460.  Diftance  about  7" '. 

33.  In  conftellatione  Aquilae,  near  fl.  7.  and  8. 

July  30,  Double.  It  is  a ftar  preceding  the  two  fmall  ftars 
1781.  north  of  k and  /.  Unequal.  L.  w.;  S.  blueifh  w. 
Diftance  11"  inaccurate,  but  not  much. 

34.  I11  conftellatione  Aquarii,  fl  94. 

Au£t.2o,  Double.  Between  ^ and  u towards  <1.  Very  un- 
1781.  equal.  Diftance  13"  45//7.  L.  paler,;  S.  d. 

35.  In  conftellatione  Serpentarii,  fl.  54. 

Aug.21,  Double.  It  is  the  preceding  of  two  ftars  in  the 
3 . head. 


of  Double  Stars.  135 

*78i*  head.  Exceffively  unequal.  L.  reddifh  w. ; S.  d. 
Didance  about  8;/. 

36.  In  condellatione  Perfei. 

Sept.  14,  Double.  A little  fouth  of  y.  Confiderably  un- 
17 8l«  equal.  L.  w. ; S.  w.  inclining  to  r.  Diftance 

1 1"  53",  rather  full  meafure. 

37.  and  38.  In  condellatione  Perfei,  near  fl.  38  J. 

Sept.24,  Double-double.  South  preceding  the  fird  0 . The 
i7Sl*  equal  fet  with  227,  about  4 or  5 diameters.  The 
unequal  fet  about  5 or  6 diameters.  Near  this  lad: 
fet  is  alfo  a third'  dar  forming  an  obtufe  angle  with 
the  dars  of  this  fet.  Diftance  about  1 o". 

39.  0 Perfei,  fl.  40. 

Sept.24,  Double.  It  is  the  fecond  or  mod  northern  0.  Ex- 
1781.  tremely  unequal.  L.  w. ; S.  d..  With  227,  S.  is 
hardly  vifible ; with  460,  it  appears  at  fil'd  fight. 
Didance  14"  $f'r  inaccurate  on  account  of  the  ob- 
fcurity  of  S. 

40.  In  condellatione  Herculis,  near  fl.  87. 

OfV.io,  Double.  Of  three  dars,  forming  an  obtufe  angle, 
1781.  whereof  fl.  87.  (a  dar.  fouth  of  f)  is  at  the  angular 
point,  that  towards  Ramus  Cereb.  Extremely  un- 
equal. L.  w. : S.  d.  Didance  io/7  2o/v.  Pofitiom 
1 9°  37'  following. 

41.  * l Herculis,  fl.  4 j. 

Oft.  10,  Double.  Equal.  Preceding  dar.w.  A little  in- 
1781.  dined  to  r.  Following  w.  Didance  n"  43/7/. 
Pofition  88°  23'  n.  following. 

42.  In  condellatione  Trianguli. 

Oa.  jo  Double.  It  is  a dar  north. following  £ Unequal.  L# 
1781.  reddifh.  S.  blueida.  Both  d.  Didance  about  6 or  7". 

■*  • 1 ' V ’ ■ ; . j . '•  »:  • • » ‘ ; *£"  ■ ; • ' - > 

+ Mr.  e r y av  t of  Bath  firlt  obferved  thefc  flars. 
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43.  I11  finiftro  anteriore  pede  Monocerotis. 

Oft.  20,  Double.  It  is  the  nioft  fouth  of  two  telefcopic 
1781.  flars  preceding  the  treble  ftar.  Extremely  unequal, 
L.  w. ; S.  d.  Pofition  230  39'.  n.  preceding. 

44.  In  ore  Monocerotis. 


Oft.  20,  Double.  Confiderably  unequll.  L.  w.  ; S.  r» 
1781-  Diftanfce  1 2"  30'".  Pofition  6o°  14'  11.  following. 

45.  In  conflellatio'ne  Tauri,  near  fl.  10. 

Oft.  22,  Double,  It  is  near  the  ftar  fub  pede  et  fcapula 
i7Sl-  dextra.  Extremely  unequal.  L*  paler.;  S.  d.  Pofi- 
tion  350  33'  f.  preceding. 

46.  In  conilellatione  Monocerotis. 

Oft.  22,  Double.  It  is  the  flar  following  the  tip  of  the 
ear. 


FOURTH  GLASS  OF  DOUBLE  STARS* 


1,  « UrEe  minoris,  Fl.  !.  Stella  Polaris. 

Aug.  17,’  Double.  Extremely  unequal.  L.  to. ; S.  f* 

1779-  Diftance  i*j,r  15"'.  Pofition  66°  42'  f.  preceding. 

2,  * yj  Lyras,  fl.  ao.  Duarum  contiguarum  ad  ortum  a tefta* 

borea. 

Aug. 29,  Double.  Confiderably  unequal.  L.  w. ; S.  r. 

i779-  Diflance  25^  42//7.  Pofition  310  51'  £ preceding. 
Three  other  flars  in  view. 

3,  £ Capricorni,  fl* 

Sept.  1 9,  Double.^  It  is  the  preceding  ftar  di  two.  Ex- 
1779*  tremely  Unequal.  Difiance  about  2$". 

5 


4, 
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4.  n Perfei,  !.  Hevelii  9,  In  dextro  brachio. 

Sept. 20,  Double.  Very  unequal.  L.  r.  ; S.  blue.  Difl 
U79*  tance  26 ",  very  inaccurate.  Pofition  200'  5'  n.  pre- 
ceding. 

5-  conftellatione  Arietis,  fl,  33.  Quatuor  inform,  fup, 
dorf.  praec, 

Sept.27,  Double.  It  is  the  firft  in  the  head  of  the  fly.  L. 
*779'  xv. ; S.  d.  Conflderably  unequal*  DiAanCe  25"  32'" 
inaccurate.  Pofition  87°  14'. 

6.  f ^ Serpentis,  fl.  63.  In  extremitate  Caudae, 

Oft.  17/.  Double.  Equal.  Both  w.  Diftailce  19", 375, 

7.  xj/  Dfaconis,  fl.  31.  Prima  ad^. 

Oa.  19.  Double.  Pretty  unequal,  L.  w.  ; f.  pale  r.  Difl 

1 779*  tance  28 ''  \f'\ 

8.  * f Pifcium,  fl.  86.  Triuminiino  lucidarum  fequens. 

Oa.  19,  Double,  Pretty  unequal.  L.  w. ; S,  w,  inclining 

1 779-  to  blue.  Diflance  22",  1 87,  not  very  accurate,  Po- 
fltion  22°  37'  n.  following, 

p.  * Primaad  Pifcium,  fl.  74,  Trium  in  pinna  co&arum 
praecedens, 

Oa.30,  Double.  Diflauce  27", 5.  Pofition  about  8o°  fl 

1779*  following.  An  obfcure  Aar  alfo  within  if  minute. 
*0.  % Tauri,  fl.  59,  Auflralis  fequentis  lateris  quadrilateri,  in 
cervice. 

Oa.30.  Double,  Diflance  18", 75,  very  inaccurate. 

* I.  x Cygttij  FX,  17. 

Nov, 20.  Double.  Very  unequal.  L.  w, ; S.  duiky  r. 

079*  Diflance  24"  52'". 

12.  * ip  Aquarii,  fl.  91. 

Nov.26,  Double.  It  is  the  flrfl  of  three  Unequal. 

1779*  Diflanee  23"  f",  pretty  accurate* 

Yql.  LXXII,  T 13, 
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13.  In  conflellatione  Leonis,  fl.  83. 

April  6,  Double.  It  is  a fmali  flat*  north  preceding  t.  A 

j78o‘  little  unequal.  Both  inclining  to  r.  Distance 
29"  Pofition  540  55'  f.  following. 

14.  In  conflellatione  Aquilze,  fl  57. 

Aug.  2,  Double.  It  is  the  preceding  of  two,  near  the 

178°.  fouth  end  of  Antinous’s  bow.  A little  unequal.  J_». 
w. ; S.  w.  inclining  tor.  Diftance  29'''  28''",  pretty 
accurate.  Pofition  8i°  55'  f.  preceding. 

15.  In  dcxtra  aure  Catnelopardali.  1.  fievelii  ultima.  ' • 
Aug.  2,  Double.  A little  unequal.  L.  reddifh  w. ; S. 

178°.  reddifh  w.  Diftance  20"  . 

16.  In  conflellatione  Cafftopea',  fl.  31. 

Aug.  2,  Double.  It  is  marked  with  the  letter  a in  iiar- 
i78q>  ris’s  maps.  Diftance  about  20'  or  more. 

17*  Cor  Caroli,  fl.  12.  Canum  Venaticorum. 

Aug.  7,  Double.  Very  unequal.  L.  w. ; S.  inclining  to  r. 
1780.  Diftance  20''  o"\  inaccurate.  Pofition  410  4 7'  f. 
preceding. 

18.  * In  conflellatione  Cygni,  fl.  61. 

Sept.  20.  Double.  It.  is  a ftar  preceding -r.  Pretty  unequal. 
^So..  L.  pale  r. S.  r. ; or  L.  r. ; S.  garnet.  Diftance 
16"  7V  Pofition  36°  28"  n.  following. 

19.  In  conflellatione  Aurigae,  fl.  14. 

Sept, 24,  Double.  It  is  the  preceding  ftar  of  a clufter  of 

178°.  ftars  that  precede  (p  and  Very  unequal.  L.  red- 
difh wv;  S.  d.  Diftance  16"  8"',  a little  inaccurate. 
Pofition  370  38'  f.  preceding. 

20.  0 Draconis,  fl  47.  . i 

Oct.  3,  Double.  Very  unequal.  L.  pale  r. ; S.  dufky  r, 

i7c>°.  Diftance  2.6"  39'.  Pofition  90°  n.  preceding  or  fol- 
lowing, by  exadl  eftiination.  zu. 
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2T.  £ Orionis,  fl.  50.  Trium  in  ejngulo  fequens. 

Qtf.  10,  Double.  Very  unequal.  L.  w.  ; S.  d.  Diflance 

1780.  about  25'.  Pofition  83°  25'  n.  following,  very 
inaccurate. 

22.  yCygni,  fl.  63.  :: 

Oft. 27,  Double.  Extremely  unequal.  L.  fine  w.,;  S.  d. 
’78Q-  Diflan ce  18"  1 1". 

23.  2 ad  w Cygni,  fl.  45.  In  genu  dextro. 

Oct.  27.  Double.  Conliderably  unequal.  L.  reddifh  w.  ; 
O80-  S,  d.  Diflance  within  30".  Pofition  y°  23'  n.  pre- 

24.  3 ad  w Cygni,  fl.  46.  In  genu  dextro. 

Oft.  27,  Treble.  Very  unequal,  and  extremely  unequal. 
r78o.  L.  fine  garnet ; S.  r. ; fmallefl  d.  All  within  30A 
Pofition  of  the  brightefl  of  the  two  final!  flars 

440  if  n.  preceding.  Pofition  of  the  faintefl 

preceding. 

25.  In  conflellatione  Ceti. 

Dec.23,  Double.  Jt  is  a flar  near  the  place  of  the  periodi- 
178°*  cal  flar  0.  Diflance  1 6X/, 875,  a little  inaccurate. 

26.  In  conflellatione  Navis,  fl.  19.  :: 

Feb.  15,  Double.  It  is  a flar  under  the  ham  of  Mono- 
1781-  ceros’s  right-foot.  Diflance  about  2 5 A 

27.  In  conflellatione  Comae  Berenices,  fl.  24. 

Feb.  28,  Double.  Conliderably  unequal.  L.  whitifh  r. ; 

1781.  S.  blueifh  r.  Mean  diflance  i8v  24  b Pofition 

30  28"  n.  preceding.  • • • , ■ 

28.  In  conflellatione  Geminorum. 

Mar.i^  Double.'  It  is  near  y towards  V Tauri.  * A Ifttie 
.1781.  unequal.  Both  r.  Diflance  if  . Pofition 
570  o'  f.  preceding.  ' ; n » ' * 

T 2 
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29.  h Urfk  majorfs,  fi,.  23.  Duar-um  in  coilo  fequens. 

Apr. 25,  Double.  Extremely  unequal.  L.  reddifli  w.  ; 
J 7 3 1 . S.  d.  DiAance  with  460,  loj'  Pofition  30  14' 

11.  preceding. 

30.  T11  conAellatione  Lyncis,  fl.  44. 

Miyzk  Double.  It  is  the  eye  or  nofe  .of  Leo  minor, 
3 7 3 1 • Unequal.  DiAance  24^  inaccurate, 

31.  In  conAellatione  Cephej,  near  fl.  27, 

May  27,  Treble.  I*  is  a Aar  near  <L  DiAance  of  the  nearer: 
J781.  about  2 o f 

32.  * In  conAellatione  Serpentarii,  fl.6i. 

July  15,  Double.  It  is  3 Aar  near  y , A little  unequal, 
j78i«  L.  \y. ; S.  grey.  DiAance  19"  \\  inaccurate,  Po- 
fition almoft  dire&ly  following. 

33.  In  conAellatione  Aquila?. 

July  19,  Treble.  It  is  the  hrA  of  two  Aars  preceding  v. 
I7Sl*  DiAance  of  the  two  neareft  2 1"  59  ',  inaccurate. 

34.  In  conAellatione  lAquilae,  near  fl.  64. 

July  25,  Double.  It  is  near  a Aar  preceding  9.  Equal 
i78i«  diAance  about  30". 

35.  (3  Delphini,  fl.  6.  Au Arina  praecedentis  lateris  quadri- 
lateri. 

Aug.  1,  Double.  Extremely  unequal.  Hardly  vifible  with 

1 7Sl-  227  ; pretty  Arong  with  460.  DiAance  25"  54% 
rather  narrow  meafure.  Pofition  7 3°  n.  preceding, 
by  exa<A  eAimation. 

36.  (3  Serpentis,  fl.  28.  In  edu&ione  eolli. 

Aug.  13,  Double.  Extremely  unequal.  L.  w. ; S.  ex - 

1781.  tremely  faint.  DiAance  24",  pretty  exa£Uy  eAi- 
mated.  Pofition  3 or  40  f.  preceding,  too  obfcure  for 
meafuring. 


37* 
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37.  $ Equulei,  fl.  7.  Duarum  in  oreiequens. 
i\ug.i3,  Double.  Exceffively  unequal.  S.  hardly  vifible 

*781.  with  227;  but  with  460,  vifible -at  firrt  fight.  L. 
w. ; S.  d.  Dirtance  19  7 32  b S.  too  obfcure  to  be 
very  accurate.  Pofition  1 r*  39'  n.  following. 

38.  In  conrteilatione  Aquarii,  • l.  24. 

Aug.  1 4,  Double.  It  is  the  rtar  in  the  cheek  or  hair  of  the 

1 78 1 * neck*  Very  unequal.  L.  w. ; S.  d.  Di fiance  25", 
very  inaccurate. 


39.  In  conrteilatione  Cygni. 

oa.  1,  Doubk.  It  is  a rtar  north  following  <r.  Extremely 
1781.  unequal.  L.  w. ; S.  d.  Dirtance  \ exa&  ertima- 

t;on.  Polition  30  aS'V.  following. 

40.  a Trianguli,  fl.  10. 

Oa.  8,  Double.  It  is  the  preceding  of  three  telefcopic 
i7Sl-  flats.  Unequal.  Dirtance  if  pretty  accu- 

rate. 


41.  p Herculis,  fl.  86. 

Oa.  10,  Double.  Excertively  unequal.  The  fmall  rtar  is 

1781-  not  vifible  with  227,  nor  with  278.  I law  it  very 

well  with  460.  L.  inclined  to  pale  r. ; S.  d.  Dis- 

tance, by  pretty  exaft  ertimation,  18".  Pofition,  by 
very  exa&  ertimation,  30°  f.  preceding. 

42.  In  conrtellatione  Herculis. 

Oa.  io,  Double.  It  is  a rtar  jurt  by  v,  Confiderably  une- 

1781*  qual.  L.  inclined  to  r. ; S.  inclined  to  blue.  Dirtance 
18"  1 9 b Pofition  40  58' n.  preceding. 

43.  X Eridani,  fl.  ultima.  In  originefluvii. 

oa.22,  Double.  It  is  the  middle  of  three  telefcopic  rtars. 
*781.  Very  unequal,  L.  w. ; S.  r. 


44*  In 
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44.  In  conftellatione  Tauri,  near  fl  4. 
i)ec.  aa,  Double.  It  is  a fmall  telefcopic  ftar  fouth  fol- 
17 8*.  lowing  s.  Extremely  Unequal.  L.  w. ; S.  d. 


FIFTH  CLASS  OF  DOUBLE  STARS. 

V 

t 0 Herculis,  fl.  ii.  Iii  finiftro  humero. 

Aug.  9,  Double.  Extremely  unequal.  L.  w. ; S.  inclin- 
1779-  ing  to  r.  Diftance  33", 75.  Polition  72°  28'  f. 
following. 

2.  * f Lyrae,  fl.  6. 

AU2.29,  Double.  Pretty  unequal.  L.  w. ; S.  w.  inclining 
J779*  to  pale  rofe  colour.  Diftance  41 " perhaps  a 

little  inaccurate.  Pofition  62°  18'  f.  following,  a 
little  inaccurate. 

3.  * $ Lyras,  fl.  10.  Duarum  in  jugimento  borea. 

Aug.29,  Quadruple.  All  w.  Firft  and  fecond  confiderably 
i?79*  unequal.  Firft  and  third  very  unequal.  Firft  and 
fourth  very  unequal.  The  fecond  a little  inclining 
to  r.  The  third  and  fourth  more  inclining  to  r. 
Diftance  of  the  firft  and  fecond  43"  57'".  Pofition 
6o°  28'  ft  following,  a little  inaccurate. 

4.  $ Cephei,  fl.  27.  Sequitur  tiaram. 

Aug.31,  Double.  Conliderably  unequal.  L.  reddifh  w. ; 

1779-  S.  blueifh  w.  Diftance  38"  18",  a bright  object. 

3.  -ft  jS  Cygni,  rl.  6.  In  ore. 

Scpr.12,  Double.  Confiderably  unequal.  L.  pale  r.  ; S.  a 

1779*  beautiful  blue.  The  eftimation  of  the  colours  the 

fame 
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fame  with  22 7 and  460.  Di fiance  39"  3 2"',  pretty 
■accurate.  Pofition  36°  28"  n.  following. 

6.  * j/  Scorpii,  fl.  14.  Duarum  adjacentium  boreae  frontis, 

borea. 

Sept.  19,  Double.  Very  unequal.  Both  w.  Diflance 

1 779*  2$  ' 2°'  ? pretty  accurate.  Portion  69°  2b'  n.  pre- 

• 

7.  ^ Sagittarii,  fl.  13.  In  fummo  arcu,  borealis. 

Sept.19,  Treble.  Two-  fmall  Pars  near  on  each  field 

1 779*  L.  w. ; S.  both  r.  Diflance  of  the  nearep  about 

30".  Pofition  — preceding,  the  other  — following. 

8.  x,  Herculis,  fl.  7.  In  dextri  brachii  ancone. 

Sept. 20,  Double.  A little  unequal.  L.  r. ; S.  garnet ; or 

1 7 79-  Jv.  paler. ; S.  r.  (when  the  Pars  are  low  the  firp 
ePimation  cf  the  colours  will  take  place).  DiPance 
39"  59'".  Pofition  790  37'  n..  following.  Has  alfo 
a third  Par. 

9.  1 Bootis,  fl.  21.  Trium  in  PniPra  manu,  media. 

Sept. 27.  Double.  Very  unequal;  L.  w.  ; S.  d.  DiPance 

1 779-  37'  ,56.  This  is  not  a mean  of  the  meafures ; for  I 

fufpecl  a motion  in  one  of  the  Pars,  which  another 
year  or  two  may  fhew.  Pofition  520  5 P n.  following. 

ro.  * $ Orionis,  fl.  34.  Trium- in  cingulo  praecedens. 

Oct.  6,  Double.  ConPderably  unequal.  L.  W.  ;•  S.  blueifh 

1.779.  r.  DiPance  52", 968  full  mealure.  Pofition  88°  13/ 
n.  preceding. 

11.  f v Draconis,  fl.  24.  and  25,  In  ore  duplex. 

Oft.  19,  Double.  A little  unequal.  L.  pale  r. ; Sf  pale  n. 

1779.  DiPance  54"  48V  Pofition  440  19'  n.  preceding. 

From  the  right  afeenfon  and  declination  of  thefe 
pars  in  flamstead’s  catalogue  we  gather*  that  in 

his, 


ceding, 
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his  time  their  diftance  was  i ip',418;  their  pofi- 
tion 440  2 3'  n.  preceding;  their  magnitude  equal  or 
nearly  fo.  The  difference  in  the  diftance  of  the 
two  ffars  is  fo  confiderable,  that  we  can  hardly 
account  for  it  otherwise  than  by  admitting  a proper 
motion  in  either  one  or  the  other  of  the  ffars,  or  in 
our  folar  fyftem ; moff  probably  neither  of  the  three 
is  at  reft. 

12.  * X Arietis,  fl.  9.  I11  vertice. 

oa.  30,  Double.  Confiderably  unequal.  L.  pale  r. ; S. 

1 779-  dulky  garnet.  Diftance  36'  a little  inaccurate* 

Pofition  420  d n.  following/ 

13.  <p  Tauri,  fl.  52.  Borea  fequentis  lateris  quadrilateri  in 

Cervice. 

Oa.  30.  Double.  Diftance  55", 62# , inaccurate. 
t‘4'.  In  conftellatione  Monocerotis. 

Dec.  5,  Multiple.  It  is  a fpot  over  the  right  fore-foot ; 
079-  4 or  5 fmall  ffars  within  one  minute* 

15.  c Urftc  majoris,  fl.  16. 

May  2,  Double.  Very  unequal.  L.  whitilh  r.  ; S.  d. 

17 8°.  Diftance  with  460,  48"  5 9"'.  Pofition  8o°  47'  ft 

preceding. 

16.  <r  Pifcium,  fl.  76.  Duarum  in  ore  pifcis  fequentis  bo- 

realior*. 

Aug.  3»  Double.  Extremely  unequal.  L.  pale  r.  ; S* 
*78o‘  dulky  r*  Diftance  48",!  25,  pretty  accurate.  Poll* 
tion  1 50  zff  n.  preceding. 

17.  7t  Andromedae,  fl.  29.  In  dextro  humefo. 

Aug.25,  Double.  Extremely  unequal.  L.  w.  > S.  blueilh. 
1780.  Diftance  34"  1 2"\  inaccurate. 

7-  *3 . 
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18.  a Cafiiopcfe,  fl.  i8.  I11  pe&ore. 

Aug, 31,  Double.  Extremely  unequal.  L.  pale  r. ; S.  d. 

17yo'  Diftance  52,812.  Pofition  40°  58'  n.  preceding. 

19.  yHerculis,  fl.  20.  In  dextro  brachio. 

Sept.  4,  Double.  Extremely  unequal.  L.  reddifti  w.  ; S, 
17 r.  Diftance  41"  49 a little  inaccurate.  Pofition 
19°  3°'  ft  preceding. 

20.  e Pegafi,  fl.  i. 

Sept.  8,  Double.  Very  unequal.  L pale  r. ; S.  d. ; Dif- 
17S0.  tance  37"  pretty  accurate.  Pofition  38°  19'  n. 
preceding. 

21 . t Aurigae,  fl.  29. 

Sept. 26,  Double,  about  30". 

22.  X Auriga?,  fl.  15. 

Sept.  30.  Multiple.  Two  are  within  about  3 o". 

23.  In  conftellatione  Orionis. 

Oft.  10,  Double.  It  is  a ftar  following  f Diftance  about 
1780.  40" 

24.  In  conftellatione  Ceti,  fl.  37. 

Oft.  12.  Double.  It  is  a ftar  between  y\  and  9 towards  the 
1780-  north.  Diftance  42", 8 12,  inaccurate. 

25.  t Orionis,  fl.  20.  fupra  talum  in  tibia. 

Oa.  23,  Double.  Very  unequal.  Diftance  about  30" 

26.  h Leonis,  fl.  6. 

Feb. 21,  Double.  Very  unequal.  L.  r. ; S.  d.  Diftance 

1781:.  35"  48///.  Pofition  120  55'  n.  following. 

27.  In  conftellatione  Libra?,  near  fl.  31. 

May, 24,  Double.  The  moil  louth  of  three  final!  ftars  in 
ijS).  the  finder.  Equal,  or  the  preceding  rather  the 
largeft.  Both  w.  inclining  to  pale  r.  Diftance 
44"  12'",  a little  inaccurate.  Pofition  40’  if  ft 
following. 
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28.  In  conflellatione  Cephei. 

May. 27,  Double.  It  is  a (la r near  (3.  Extremely  unequal. 
!78y  Diflance  about  30". 

29.  /Serpentis,  fl.  53.  Pofl  dextrum  femur  Serpentarii. 

July  16.  Double.  Unequal.  Diflance  about  35V 

30.  In  conflellatione  Serpentarii,  fl.  53. 

July  19,  Double.  It  is  a flar  between  ^ and  /3  one-third 
USl-  of  the  way  from  a.  Very  unequal.  L.  w. ; S. 
inclining  to  r.  Diflance  32'"  2i///,  narrow  mea- 
lure. 

31.  In  conflellatione  Aquilae. 

July  19,  Double.  It  is  the  ftar  next  but  one  preceding 
U81*  Very  unequal.  L.  r. ; S.  d.  Diflance  about  3 o\ 

32.  u Andromedae. 

July  2 1,  Double.  Extremely  unequal.  The  fmall  flar 
J7Sl*  better  with  460  than  with  227.  L.  w. ; S.  d.  Dis- 
tance 55"  32'",  rather  narrow  meafure.  Pofition 
io°  2)1  £ preceding. 

33.  h Aquilae,  fl.  15. 

July.25,  Double.  Unequal.  Both  pale  r.  Diflance  33"  53% 
USl-  inaccurate. 

34.  In  conflellatione  Aquilae,  near  fl.  28. 

July  25,  Double.  It  is  one  of  two  flar s near  A.  Diflance- 
1 78 1 . about  35". 

35.  In  conflellatione  Aquilae. 

July  25.  Double.  It  is  a flar  near  that  which  follows  9. 
1781.  Very  unequal.  Diflance  about  40V 

36.  0 Scuti,  fl.  2.  in  conflellatione  Aquilae. 

July  30,  Double.  Very  unequal.  L.  pale  r. ; S.  d.  Dif- 
378,‘  tance  42"  44"',  a little  inaccurate. 


t 
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37.  v Coronas,  fl.  18. 

Sept. 21,  Treble.  Very  unequal.  L.  w. ; S.  both  r.  Dif- 
17^1-  tance  of  the  neared  about  $0"  ; the  if  min.  j 
3^.  In  conftellatione  Herculis,  fl. 23, 

Sept. 2 1,  Double.  It  is  the  dar  between  v and  £ Corona, 
I7^1*  the  larged  of  a telefcopic  triangle.  Didance 
36"  2 rather  narrow  meafure.  L.  w. ; S.  w. 
inclining  to  r. 

39.  a Lyras,  fl.  3.  In  teda  fulgida. 

Sept.  24.  Double.  Exceffively  unequal.  By  moon-light  I 
J78i.  could  not  fee  the  fmall  dar  with  278,  and  faw  it  with 
great  difficulty  with  460  ; but  in  the  abfence  of  the 
moon  1 have  feen  it  very  well  with  227.  L.  fine 
brilliant  w. ; S.  dufky.  Didance  37"  13"'.  Por- 
tion 26°  46'  f.  following. 

061.22,  Having  often  meafured  the  diameters  of  many  of 
*781.  the  principal  fixed  dars,  and  having  always  found  that 
they  meafured  lefs  and  lefs  the  more  I magnified,  I 
fixed  upon  this  fine  dar  for  taking  a meafure  with 
the  highed  power  I have  yet  been  able  to  apply,  and 
upon  the  larged  fcale  of  my  new  micrometer  I could 
conveniently  ufe.  With  a power  of  6450  (deter- 
mined by  experiments  upon  a known  object  at  a 
known  didance)  I looked  at  this  dar  for  at  lead  a 
quarter  of  an  hour,  that  the  eye  might  adapt  itfelf 
to  the  objedt ; having  experimentally  found,  that 
the  aberration  by  this  means  will  appear  lefs  and  lefs, 
and,  in  the  telefcope  I ufed  upon  this  occafion  with 
powers  from  460  to  1500,  will  often  quite  vaniffi,  and 

+ In  a future  colle&ion  the  fmall  ftar  at  the  obtufe  angular  point  will  be  found 
as  a double  liar  of  the  fecond  or  third  clafs. 

U 2 
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leave  a very  well-defined  circular  difk  for  the  apparent 
diameter  of  the  {tars.  The  diameter  of  a Lyras,  by 
this  attention,  appeared  perfectly  round,  and  occa- 
fionally  feparated  from  rays  that  were  flafhing  about 
it.  From  the  very  brilliant  appearance  of  the  ftar 
with  this  great  power,  and  a pretty  accurate  rough 
calculation  founded  on  its  apparent  brightnefs,  when 
obferved  with  the  naked  eye  with  22 7,  with  460, 
with  6450,  I furmife,  that  it  has  light  enough  to 
bear  being  magnified  at  lead;  a hundred  thoufand 
times  with  no  more  than  fix  inches  of  aperture,  pro- 
vided we  could  have  fuch  a power,  and  other  confi- 
derations  would  allow  us  to  apply  it.  When  I had  as 
good  a view  as  I expected  to  have,  1 took  its  diameter 
with  my  new  micrometer  upon  a fcale  of  eight  inches 
and  4428  ten  thoufandth  to  1"  of  a degree,  and  found 
it  fubtended  an  angle  of  c//)3553*  I had  no  perfon 
at  the  clock  ; but  fuppofe  the  time  of  its  pafling 
through  the  field  of  my  telefcope  (which  in  this 
great  power  is  purpofely  left  undefined,  and  as  large 
as  poftible)  was  lefs  than  three  feconds. 

40.  v Lyras,  fl.  8. 

Sept.24,  Treble.  Extremely  unequal.  L.  w.  ; S.  both  d. 

*781*  One  n.  preceding,  the  other  f.  following.  Diftance 
of  the  following  ftar  56"  4 y"\  a little  inaccurate. 
Pofition  of  the  fame  28°  27'  f.  following. 

41 . A Perfei,  fl.  43. 

Sepr.24.  Double.  Unequal.  L.  w.  Diftance  about  5o,/. 

42.  In  conftellatione  Lyrae. 

Sept.  25,  Double.  It  is  a fmall  ftar  juft  by  rj,  A little  un- 

equal 
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1781*  equal.  Both  r.  Diftance  38"  8V/.  Pofitlon  26°  18* 
n.  following. 

43.  In  conftellatione  Cygnl,  fl.  76. 

Oft.  i,  Double.  It  is  the  third  flar  from  p towards  v. 
1781.  Unequal.  Diftance  48"  by  exact  eftimation.  Poli- 
tion preceding. 

44.  In  conftellatione  Cygni,  fl.  69. 

Oft.  1,  Treble.  Very  unequal.  L.  w. ; S.  both  reddifh. 
i78r*  Pofition  both preceding. 

45.  In  conflellatione  Cygni. 

Oft.  1,  Double.  It  is  the  molt  fouth  of  two  telefcopic  liars 
1781.  following  r.  Very  unequal.  L.  w. ; S.  d.  Diftance 
44"  by  exadt  eftimation.  Pofition following. 

46.  c Cygni,  fl.  16.  r ad  c. 

Oft.  5,  Double.  It  is  the  ftar  next  following  6.  Almoft 
1781.  equal.  Both  pale  r.  Diftance  30"  by  pretty  exadt 
eftimation. 

47.  c Cygni,  fl.  26.  23adc. 

Oft.  8,  Double.  Very  unequal.  JL.  reddifh  w. ; S.  dufky 
1781.  r.  Diftance  39"  by  pretty  exadt  eftimation. 

48.  * In  conflellatione  Pifcium. 

Oft.  8,  Double.  It  is  a telefcopic  ftar  juft  by  9 north- 
1781.  wards.  Both  d.  Diftance  about  45 ' b 

49.  * In  conflellatione  Arietis,  fl.  30. 

Oft.  15,  Double.  It  is  a fmall  ftar  over  the  Ram’s  back 
1781.  Nearly  equal.  Diftance  31"  6W,  inaccurate. 

{jo.  y Leporis,  fl.  13.  In  pofterioribus  pedibus  auftrina. 

Oft  22  Double.  Considerably  unequal.  Diftance  about40 '. 

51.  I11  conflellatione  Sagittae. 

Nov.23,  Double.  It  is  a ftar  north  following  e.  Extrerheh 
1781.  unequal.  Diftance  32"  48A//.  L.  r. ; S.  blue. 
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SIXTH  CLASS  OF  DOUBLE  STARS. 


I • 0 Get!,  fl.  68.  In  pedtore  nova. 

Oa.20.  Double.  Very  unequal.  L.  garnet.  S.  dufky. 

1 777'  pyp..  f mean  of  fome  very  accurate  meafures  i '44", 2 1 8 
l mean  of  other  very  accurate  meafures  1 ' 53'', 032. 
As  I can  hardly  doubt  the  motion  of  this  ftar,  I 
have  given  the  mean  of  the  moft  accurate  meafures 


feparately ; and  hope  in  a few  years  time  to  be  able 
to  give  a better  account  of  it. 

2.  0 Serpentarii,  fl.  67. 

Aug.  29,  1779.  Double.  Diftance  about  i|  min. 

3.  $ Lyras,  fl.  ii. 

Aug.29,  Double.  Extremely  unequal.  L.w. ; S.  a.  Dif- 
1 ^ 79*  tance  about  4',  pretty  exadf  eftimation* 

4.  oc  Capricorni,  fl.  5. 

Sept.  19,  Double.  Very  unequal.  L.  r. ; S.- d.  Diftance 

1779-  about  i|  min.  Pofition f.  preceding. 

5.  In  conftellatione  Arietis,  fl.  35.  fupra  dorfum. 

Sept.27,  Double.  It  is  the  ftar  in  the  body  of  the  fly. 

1 779*  Diftance  2'  5"  35"'. 

6.  g Capricorni,  fl.  39.  Duarum  in  edudtione  caudle  priced. 

Scpt.27,  Double.  Unequal.  L.  pale  r.  Diftance  about 

1 779*  1 1 min. 

7*  T Tauri,  fl.  94.  In  edu<ftioiie  cornu  borei. 

Odt.  6.  Double*  Diftance  t'  ii//,25///,  pretty  accurate* 

8.  x.  Tauri,  fl.  59. 

Oft.  6.  Double*  At  a conliderable  diftance* 


7 
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9-  * C Geminorum,  fl.  43.  In  finiftro  genu  fequentis  If1. 
Oa  7,  Double.  Very  unequal.  L.  reddifh  w.  ; S.  dufky  r. 
1 7 79-  Diftance  1'  31"  5 2/;/,  rather  full  meafure.  Pofition 
8 l°  14'  n.  preceding. 

10.  0 Cygni,  fl.  31.  Duarum  in  dextro  pede  fequens. 

Nov.  2,  Double.  Confiderably  unequal.  L.  pale  r.  S. 

1 779*  blue.  It  is  the  following  Par  of  the  two  o's  that  are 
clofe  together.  Diftance  1'  39"  57'".  Pofition 
87°  1 4'  f.  preceding, 
n.  ^ cc  Leonis,  fl.  32.  In  corde. 

Nov. *4,  Double.  Very  unequal.  L.  w. ; S.  d.  Diftance 

I779*  V 48'''  20"'.  Pofition  3.0  0 5'  n.  preceding. 

12.  * r Leonis,  fl.  84.  Qiiafi  in  cubito. 

April  6,  Double.  Confiderably  unequal.  L.  r. ; S.  in- 

*780-  dining  to  blue.  Diftance  P 22"  42///.  Pofitioni 
73°  29/  f.  following. 

13.  0 Leonis,  fl.  95.  In  extremitate  caudae. 

April  6,  Double.  Extremely  unequal.  L.  reddifh  w. ; S. 

I7^o.  d.  Diftance  about  if  min.  Pofition  about  8o°  n.  ft>l 
lowing. 

14.  y Serpentis,  fl.  58.  In  cauda. 

Junei9,  Double.  Extremely  unequal.  L.  pale  r. ; S.  d* 

1780.  Diftance  1'  21"  2".  Pofition  90  7'  f.  following. 

35.  In  conftellatione  Bootis,  near  fl.  6. 

June  25,  Double.  It  is  a telefcopic  ftar  near  that  which. 

1780.  forms  a redangle  with  and  vj.  Diftance  about  2'. 

16.  $ Bootis,  fl.  49.  In  dextro  humero. 

July  23,  Double.  Confiderably  unequal.  Diftance  about 

1780.  2\  min.  L.  reddifh  w. ; S.  w.  Pofition  50  46'  n. 

following. 

*7- 
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1 7.  ^ Bootis,  fl.  51.  In  baculo  rccurvo. 

July  30,  Double.  Unequal.  Diftance  2'  8",  exact  eftima- 

1780.  tioti.  Pofition  8o°  25'  1*.  following.  L.  reddifh  w. 
S.  pale  r.  See  the  17th  ftar  of  the  hr  ft  clafs. 

18.  v Coronas,  fl.  21. 

July  30,  Double.  Very  unequal.  L.  r. ; S.  garnet.  At 

1780.  fome  confiderable  diftance.  Pofition  about  8o°  n. 
following. 

19.  % Perlei. 

Aug  2,  Multiple.  An  aftonifhing  number  of  fmall  flars 
1780.  all  within  the  fpace  of  a few  minutes.  I counted  not 
lefs  than  40  within  my  fmall  field  of  view. 

20.  j u Perfei,  fl.  Duarum  in  dextro  poplite  fequens. 

Aug.  2,  Double.  Very  unequal.  L.  w.  Diftance  about  i'J. 

21.  rj  Pegafi,  fl.  44. 

Anir  9 ° ' Double.  Diftance  about  2 i min. 

**■  o*  D * 

22.  In  conftellatione  Draconis,  1.  hevelii  69. 

y^ug.  Double.  It  is  the  ftar  between  as  Draconis  and 

1780.  the  tail  of  Urfa  major.  Diftance  about  3!  min. 

23.  In  naribus  Lyncis. 

Aug.  7.  Double.  Diftance  about  2'. 

24.  d Caftiopeas,  fl.  4.  > 

AuS.  1 2,  Treble.  Two  are  large.  Diftance  about  2'.  A 
1780.  third  is  obfeure.  Diftance  about  i|  min.  They 
form  almoft  a re&angle. 

25.  In  conftellatione  Caftiopeae,  fl.  3. 

Auo-.iS.  Double.  Diftance  about  2\  min. 

26.  s Sagittae,  fl.  11. 

Aug.19,  Double.  Very  unequal.  L.  r. ; S.  r.  inclining  to 
1780,  blue.  Diftance  i'  31"  53' Pofition  8'  32'  f. 
following. 


27. 
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27.  In  conftellatione  Aquibe. 

Aug. 24.  Double.  It  is  a ftar  north  of  §.  Diftance 

about  i'. 

28.  /3  Capricorni,  fl.  9.  Trium  in  fequente  cornu  auftrina. 
Aug.26,  Double.  Confiderably  unequal.  Diftance  about 

I7^0<  3'.  Pofition preceding. 

29.  7 r Capricorni,  fl.  10.  Trium  in  roftro  praecedens. 

Aug.26.  Double.  Diftance  about  i\  min. 

30.  a Aurigae,  fl.  13.  I11  humero  finiftro. 

Sept.  8,  Double.  Extremely  unequal.  L.  w. ; S.  d. 

1780.  Diftance  2'  49''  8 ".  Pofition  330  42'  f.  following. 
With  a power  of  227,  and  my  common  micrometer, 
-the  diameter  of  this  ftar  meafured  2", 5.  The  cir- 
cumference was  remarkably  well  defined. 

31.  d Tauri,  fl.  88.  In  finiftro  cubito. 

Sept.24,  Double.  Diftance  1'  1 0^,625.  A little  inac- 
i780-  cu-rate. 


32.  X Cygni,  fl.  54, 

Sept.20,  Double.  Extremely  unequal.  L.  bluehli  w. ; S. 
i78°-  d.  Diftance  about  1 min.  Pofition  1 20  42'  f.  fol- 
lowing. 

33.  In  conftellatione  Cygni,  fl.  32. 

Sept.20.  Double.  Diftance  about  2 min. 

34.  9 Auriga®,  fl.  37.  In  dextro  carpo. 

Sept.  26.  Double.  Diftance  about  2 f min. 

35.  In  conftellatione  Camelopardali,  fl.  13. 

Scpt.26.  Double.  It  is  the  ftar  over  the  goats  head.  Dif- 
1780.  tance  about  2'. 

26.  In  conftellatione  Camelopardali,  fl.  10. 

Sept. 30.  Double.  Diftance  about  1 \ min, 
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y . c Draconic,  fl.  46.  In  flexura  colli. 

oa';  3.  Double.  Diftance  3 or  4.  A rich  fpot. 

8.  e Draconis,  fl.  64  or  65. 

Oa.  3.  Double.  Diftance  about  2'. 

39.  a Orionis,  fl.  58.  In  dextro  humero  lucida  rutilans. 

oa  IO,  Double.  Extremely  unequal.  L.  r.  but  not  deep ; 

,780/  S.  d.  Diftance  2'  t"  2"' . Pofitioi>  62°  18'  f.  fol- 
lowing. 

40.  y Lepons,  ff.  13. 

Fch.  21,  1781.  Double.  Diftance  about  2 1 min. 

4r.  p Cancri  5 ad  p,  ft,.  67. 

FeS  ,1  Double.  Very  unequal.  L.  reddifti  w. ; S..  d. 

r;sE  Diftance  i'  35"  59'"-  ^ofiticni  50’  33  11  preceding. 
42.  j8  Geminoriim,  Ft..  78.  In  cspiteiequentis  IT1. 

Mar  13  Multiple.  Extremely  unequal.  1 be  neareft  dif- 
1 tance  1'  56"  45'".  rather  full  mealure.  Pofttion 

2 28  n.  following,  not  extremely  accurate.  This 
;s  the  fmalleft.  The  next  diftance  3'  17"  19  ". 
pretty  accurate.  Pofttion  15’  56'  n.  following.  A 
third  I did  not  meafure. 

4:.  9 Virginis,  fl.  51.  De  quatuor  ultima  et  fequens. 

May  14,  Double.  Extremely  unequal.  L.  w. ; S.  d.  Dif- 

*1781/  tance  ft  3"  53"',  inaccurate.  Pofttion  24°  55'  n* 

preceding. 

44.  1 Libras,  fl.  24. 

May 2 4,  Double.  Very  unequal.  L.  w. ; S,  dulky  r. 

1781.  Diftance  ft  5"  ior//,  not  accurate.  Pofttion  22°  3ft 
f.  following. 

45.  In  conftellatione  Andromeda. 

ju]y  2Ij  Double.  It  is  a ftar  near  1 towards  0.  L.  r.  Dif- 

1781.  ance  about  if  min. 


46. 
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46.  u Aquilas,  ft.;.  53. 

J.uiv 23,  Double.  Extremely  unequal.  L.  \v. : S d.  Dll’* 

taneq  2!  z\r  t8v/.  I'oiitton  64"  44/  u.  pifCuftpg. 

47.  In  conftellatione  Aquila,',  near  fl»  35. 

July  25,  Double.  It  is  one  of  the  preceding  ftars  of  a 

frnall  quartile  near  c,  not  very  near. 

48.  In  conftellatione  Aquilae,  near  l'L.  35. 

July. 25,  Double-  It  is  alfo  one  of  the  preceding  flats  of  a 

J7^n  fmall  quartile  near  <r,  not  very  near. 

49.  In  conftellatione  Aquilne. 

July  26.  ' Double.  The  following  ftar  of  a trapezium  near  \. 

50.  In  conftellatione  Aquila?. 

July  26,  Double.  The  following  ftar  of  a trapezium  near 
1781,  " 1.  not  near. 

51.  In  monte  Mtenali  Heveliana. 

Au:.  5,  Double.  It  is  a ftar  near  the  middle.  The  fol- 

1 ; B 1.  lowing  of  two,  not  very  near. 

52.  In  conftellatione  Bootis. 

Au_r.  1 7,  Double.  It  is  a ftar  between  e and  f.  Diftance 

1 J.8 j * above  1.  .Unequal. 

33.  In  conftellatione  Bootis.  . 

Au^.  17  Double.  It  is  a ftar  more  fouth  than  /.  Di flalice 

1781.  above  ih 

34.  In  conftellatione  Serpentani. 

Auo-oi,  Double.  It  is  a ftar  more  fouth  than  6,  Diftance 

1781.  - 74",  exadt  efti  matron. 

- />  9 • ■ , 

55.  In  conftellatione  Calliopeae,  fl.  2. 

Sept.  6.  Double.  It  is  a ftar  near  e.  D.  r.  Dill,  within  2f\. 

56.  fl.Lyrae,  fl.  ultima. 

Scpr.25,  Double,  Very  unequal.  L.  w. ; S.  inclining  w r. 
1781.  Diftance  about  il'min.  Pofition*«-n— ' n.  following. 

X 2 57-  h* 
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57.  In  cdpftellatione  Cygni,  fl.  79- 

Oa.  1,  Double.  It  is  the  fifth  ftar  from  £ to  v.  Unequal. 

1781-  L.w. ; S.  pale  r.  Diftance  s'  40"  eftimation. 

58.  In  conftellatione  Aquarii,  fl.  5. 

Oa.5,  Double.  It  is  the  moft  fouth  of  two  in  the  arrow 
1781.  of  Antinous.  Diftance  above  s'. 

59.  In  conftellatione  Cygni,  near  fl.  28. 

Oft. 5,  Double.  It  is  a ftar  near  b.  Diftance  73",  exad 
1781.  eftimation. 

60.  In  conftellatione  Cygni. 

Oa.  8,  Double.  It  is  a ftar  near  the  fecond  c.  Confi- 

1781*  derably  unequal.  L.w.;  S.  d.  Diftance  88  \ exact 
eftimation. 

61.  In  conftellatione  Pifcium,  near  fl.  7. 

Oa.  8,  Treble.  It  is  a ftar  preceding  b.  They  form  a 
1781.  triangle,  each  lide  of  which  is  about  1'. 

62.  x Pifcium,  fl.  8.  In  ventre. 

Oa.  8.  Double.  Diftance  near  2'. 

63.  In  conftellatione  Sagittae. 

Oa.  12,  Double.  It  is  near  the  ftar  north  following  e, 
1781.  Extremely  unequal.  L.  w.  inclining  to  r.;  S.  d. 
Diftance  1'  30"  $6"*.  Pofition  40  9'  f.  preceding. 
A third  ftar  in  the  fame  direction,  at  a little  more 
than  twice  the  diftance.  A fourth  ftar  in  view. 

64.  In  conftellatione  Eridani. 

oa.22,  Double.  It  is  the  fmall  ftar  near  v.  Diftance 
1781.  about  1 1 min.. 

65.  In  capite  Monocerotis. 

oa.22,  Multiple.  It  is  one  ftar  with  atleafh  12  around  it r 
1781.  all  within  the  field  of  my  telefcope. 

7 <j6. 
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66.  a Tauri,  fl.  87.  Splendida  in  auftrina  oculo.  ■ 

Dec.19,  Double.  Extremely  unequal.  L.  r. ; S.  d.  Dif- 
*78 1.  tance  \'  27"  45 Pofition  520  58'  n.  following. 
With  460,  the  apparent  diameter  of  this jflar,  .when 
on  the  meridian,  meafured  1"  46'",  a mean  of  two 
very  compleat  obfervations,  they  agreed  to  W ; with 
932,  it  meafured  i//  iz"\  alfo  a mean  of  two  excel- 
lent obfervations  ; they  agreed  to  8r".  The  apparent 
dilk  was  perfectly  well  defined  with  both  powers.- 


POSTSCRIPT  TO  THE  CATALOGUE  OF  DOUBLE  STARS. 

SINCE  my  having  delivered  my  paper  on  the  Parallax  of 
the  Fixed  Stars,  in  which  I refer  to  the  above  Catalogue  of 
Double  Stars,  I have  received,,  by  the  favour  of  our  Prelident 
Sir  Joseph  banks,  the  fourth  volume  of  the  A<fta  Academia^ 
Theodoro  Palatinae,  which  contains  a mod;  excellent  Memoir  of 
Mr.  mayer’s,  “ De  novis  in  Coelo  fidereo  Phaenomenis 
wherein:  I:  fee  that  the  idea  of  afcertaining  the  proper  motion 
of  the  fbirs  by  means  of  fmall  ftars  that  are  fttuated  at  no  great 
diftance  from  large  ones*  has  induced  that  gentleman  before 
me  to  look  out  for  fuch  fmall.  ftars.  In  the  courfe  of  that  un- 
dertaking he  has  difcovered  a good  many  double  liars,  of  which 
he  has  given  us  a pretty  large  lift,  fome  of  them  the  lame  with 
thofe  in  my  catalogue.  My  view  being  the  annual  parallax 
required  ftars  much  nearer  than  thofe  that  would  do  for  Mr. 

mayer’s 
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mayor's  purjiofe.;  therefore  I examined  the  heim ns  with 
much  higher  powers,  and  looked  out  chiefly  for  luch  as  were 
exceedingly  clofe. 

The  above  catalogue  contains  269  double  Stars,  227  of 
which,  to  my  prelent  knowledge,  have  not  been  noticed  by 
any  perfoti.  I hope  they  will  prove  no  inconsiderable  addition  to 
the  general  frock,  eipeciallv  as  in  that  number  there  are  a great 
many  which  are  out  of  the  reach  of  Mr.  mayerY and  other 
mural  quadrant  or  traniit  instruments.  It  can  hardly  he  ex- 


pected, that  a power  of  70  or  80  would  he  lufficient  to  dis- 
cover thole  curious  Stars  that  are  contained  in  the  SirSt  clafs  of 
mv  catalogue ; So  that  it  is  not  Strange  they  Should  have  in- 
tirely  efcaped  Mr.  mayer’s  notice.  We  fee  that  it  is  not  for 
want  of  his  looking  at  thofe  Stars ; for  we  find  he  has  fre- 
quently ohferved  £ Cancri,  the  Star  near  Procyon,  and  the  Star 
in  Monoceros,  without  perceiving  the  fmall  Stars  near  them, 
which  1 have  pointed  out.  Nor  is  it  only  in  the  firlt  clals 
that  his  telefcope  wanted  power,  light,  and  diitindtnefs ; 
for  the  fmall  Stars  that  are  near  /3  Orionis,  Q.  Serpen tis, 
q Orionis,  e Pegafi,  a Lyrae,  a Andromeda?,  ^ Sagittarii,  a 
Aquilae,  7j  Pegali,  2 Lyrae,  1 Libra!,  x Pifcium,  « Tauri,  and 
many  more,  have  efcaped  his  difcovery,  though  he  has  given 
us  the  places  of  other  more  distant  fmall  Stars  not  far  from 
them,  and  therefore  mult  have  had  them  frequently  in  the 
held  of  view  of  his  telefcope.  I11  fettling  the  relative  fit  na- 
tions of  very  clofe  double  Stars,  neither  Mr.  mayer  s instru- 
ments, nor  his  method,  were  adequate  to  the  purpofe.  It  is 
well  known,  that  whenever  we  employ  time  as  a meaiure,  the 
reiults  cannot  be  very  accurate  ; becaufe  a mistake  ot  no  more 
than  a tenth  part  of  a iecond  in  time  will  produce  an  error  of 
a whole  fecond  and  an  half  in  meafure,  lo  that  his  AR  mult 
; z : ' he 
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be  extremely  detective.  Nor  could  his  micrometer  give  the 
declination  much  better  unlefs  the  telefcope  had  bore  a power 
ot  at  leaft  4 or  500.  When  the  angle  of  pofition  is  but  fmall, 
fuch  as  3,  4,  5,  or  6 degrees,  and  the  diftan.ee  of  the  ftars  not 
above  a few  feconds,  it  is  evident,  that  a micrometer  muft  be  able 
to  meafure  tenths  of  a fecond  at  leaft  to  give  even  a tolerable 
exactnefs  of  pofition*  On  the  contrary,  the  pofition  being 
meafured  with  fuch  a micrometer  as  1 have  conftruCted  for  the 
purpofe,  we  may  from  thence  deduce  the  declination,  with 
great  confidence,,  true  to  a.  quarter  of  a tenth  of  a fecond  for 
every  fecond  of  the  diftance  of  the  ftars. 

Mr.,  mayer’s  account  of  es  Geminorum,  for  inftance,  gives 
a difference  of  o ",7  of  time  in  JR,  of  3", 8 in  declination, 
and  of  1 to  6 in  magnitude  or  degree  of  light  of  the  ftars.. 
Thele  quantities  reduced  to  my  notation,  and  compared  with 
my  mealures-  of  the  fame  ftar,  give 

tance9",635  from  center  to  center  5”,  156  diameters  included. 

Pofit’on  230  14'  n.  preceding 


y 


sj 


Magnitude  extremely  unequal 


c , 320  47'  n.  preceding. 

t— 1 ! 

A little  unequal. 


To  account  for  this  difference  I aferibe  Mr.  mayer’s  error  in 
diftance  to  his  method  of  meafuring  by  time.  The  error  of 
pofition  follows  always  from  an  obiervation  of  the  declination 
taken  with  the  common  micrometer,  when  it  is  deduced  from 
an  erroneous  JR . In  my  meafures  the  diftance  and  pofition 
are  independent  of  each  other,  which  I look  upon  as  no  fmall 
advantage  of  my  crofs-hair  micrometer.  The  error  in  the  magni- 
tudes of  the  ftars  I aferibe  to  the  want  of  power  in  Mr. 
mayer’s  telefcope,  which  did  not  feparate  the  ftars  far  enough 
for  him  to  judge  accurately  of  their  fize,  otherwife  he  would 
foon  have  found,,  that  inftead  of  five  there  is  hardly  fo  much  as 


one 
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one  Tingle  degree  of  difference  in  their  magnitudes.  See  fig.  6. 

for  a reprefentation  of  thofe  ftars  with  my  power  of  460. 

I do  not  mean  to  depreciate  Mr.  mayer’s  method,  the  excel- 
lence of  which  is  well  known  ; and  with  Tome  ftars  of  my 
third,  all  thofe  of  the  fourth,  fifth,  and  fixth  claffes,  as  well 
as  with  thofe  ftill  farther  diftant,  to  which  he  has  applied 
it  with  admirable  Ikill,  and  “ magno  labore,  mnltifque 
“ no&urnis  vigillis”  (as  he  very  juftly  exprefles  himfelf)  a 
better  can  hardly  be  wifhed  for ; but  with  ftars  of  the  fecond 
clafs  which  generally  differ  no  more  than  one,  two  or  three- 
tenths  of  a fecond  of  time  in  A , and  can  never  differ  more 
than  four  tenths,  the  infufficiency  of  meafuring  by  time  is 
obvious.  In  regard  to  the  declination,  it  is  all'o  no  lefs  evident, 
that  it  is  much  more  accurate  to  take  an  angle,  which  may  be 
had  true  to  2 or  30  at  moft,  than  to  meafure  its  tangent,  which 
in  ftars  of  the  fecoiid  clafs  is  generally  no  more  than  2,  3,  or 
4"  of  a degree,  and  can  never  exceed  five.  I do  not  To  much 
as  mention  the  ftars  of  the  firft  clafs  : they  muft  certainly,  as 
to  fenfe,  pafs  the  meridian  at  the  fame  inftant  of  time.  Their 
diftance  has  even  eluded  the  attacks  of  my  fmalleft  (ilk-thread 
micrometer  armed  with  an  excellent  power  of  460  ; but  I fhall 
Toon  apply  my  laft  new  inftrument  to  them  *,  not  without  hopes 
of  fuccefs.  Now,  though  I have  hitherto  not  been  able  to 
exprefs  the  diftance  of  the  ftars  of  the  firft  clafs,  otherwife 
than  by  the  proportion  it  bears  to  their  apparent  diameters,  I 
think  it  a very  great  point  gained,  that  one  of  my  inftruments  at 
leaft  ( viz.  the  crofs-hair  micrometer)  has  laid  hold  of  them : 
for  their  angle  of  pofition,  I think,  is  within  a very  fmall  quan- 
tity as  well  determined  as  it  is  in  thofe  of  the  fecond  clafs. 
This  fimple  hut  moft  ufefui  inftrument  can,  by  actual  meafure, 

* For  a ejefeription  of  which  fee  p.  163. 
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diicover  beyond  a doubt  a motion  in  two  ffars  that  are  very 
dole  together,  though  it  fhould  amount  to  no  more  than  a 
tenth  part  of  a fecond  of  a degree,  provided  that  motion  be  in 
fuch  a direction  that  the  effed  of  it  be  thrown  upon  the 
angle  of  pofition  ; wherein,  with  fome  of  the  ffars  of  the 
firff:  clafs,  it  would  occalion  an  alteration  of  io,  20,  30,  or 
more  degrees. 

I have  marked  all  thofe  ffars  in  my  catalogue  which  have 
been  obferved  by  Mr.  mayer  and  other  affronomers  with  an 

j 

afferifk  (*)  affixed  to  the  number  that  they  may  be  known  ; 
thofe  with  the  mark  of  a dagger  (f)  have  been  obferved  by  dif- 
ferent affronomers  before  Mr.  mayer.  Among  the  ffars  which 
are  not  marked,  will  be  found  feveral  that  have  been  obferved 
by  Mr.  mayer  ; but,  on  comparing  them  together,  it  will  be 
feen,  that  they  are  obfervations  of  different  fmall  ffars ; for 
inffance,  Mr.  mayer  (Ad..  Acad.  vol.  IV.  p.  296.)  obferved  a 
fmall  ffar  near  Rigel  at  the  diffance  of  1 ' o",$  JR*  in  time,  and 
2 ' 55//,2  in  difference  of  declination  north  preceding  Rigel. 
In  my  fecond  clafs  (the  34th  ffar)  we  alfo  find  Rigel ; but  the 
fmall  ffar  I have  obferved  is  one  which’  has  not  been  feen  by 
Mr.  mayer,  and  is  at  a diffance  of  ho  more  than  6'  if'.  Pofi- 
tion 68°  12'  fouth  preceding  and  fo  on  with  other  ffars. 

I have  ufed  the  expreffion  double-far  in  a few  inftances  of  the 
fixth  clafs  in  rather  an  extended  fignification  : the  example  of 
flamstead,  however,  will  fufficiently  authorize  my  applica- 
tion of  the  term.  I preferred  that  expreffion  to  any  other,  fuch 
as  Comes,  Companion,  or  Satellite ; becaufe,  in  my  opinion, 
it  is  much  too  foon  to  form  any  theories  of  fmall  ffars  revolving 
round  large  ones,  and  therefore  I thought  it  advifeable  carefully 
to  avoid  any  expreffion  that  might  convey  that  idea.  I am 
Vol.  LXXII.  Y very 


162  'A/r.  herschel’s  Catalogue  of  Double  Stars 

very  well  perfuaded,  flamstead,  who  firffc  ufed  the  word 

Comes,  meant  it  only  in  a figurative  fenfe, 

I lhall  not  fail  to  take  the  firft  opportunity  of  looking  out 
for  thofe  of  Mr.  mayer’s  double-ftars  which  I have  not  in 
my  catalogue,  amounting  to  3 1 ; and  alfo  for  one  I find  men- 
tioned in  La  Connotjfance  dcs  Limps  for  1783,  dil'covered  by  Mr. 
messier. 
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XIIK  Defcrift'ton  of  a Lamp-Micrometer , and  the  Method  of 
ufmg  it.  By  Mr.  William  Herfchel,  F.  R,  S, 

Read  January  3?,  1782. 

THE  great  difficulty  of  meafuring  very  fmall  angles,  fuch. 

as  hardly  amount  to  a few  leconds,  is  well  known  to 
aftronomers*  Since  I have  been  engaged  in  obfervations  on 
double  ftars,  I have  had  lb  much  occahon  for  micrometers  that 
would  meafure  exceeding  fmall  diftances  exactly,  that  I have 
continually  been  endeavouring  to  improve  theie  inftruments. 

The  natural  imperfections  of  the  parallel  \Vire  micrometer 
in  taking  the  diltance  of  very  clofe  double  ftars  are  the  follow- 
ing. When  two  ftars  are  taken  between  the  parallels,  the  dia- 
meters mulf  be  included*  I have  in  vain  attempted  to  find  lines 
fufficiendy  thin  to  extend  them  acrofs  the  centers  of  the  ftars 
fb  that  their  thicknefs  might  be  negleCted.  The  fingle  threads 
of  the  filk-worm,  with  fuch  lenfes  as  I ufe,  are  fo  much  mag- 
nified that  their  diameter  is  more  than  that  of  many  of  the 
liars.  Refides,  if  they  were  much  lefs  than  they  are,  the 
power  of  deflection  of  light  would  make  the  attempt  to  mea- 
fure  the  diftanc-c  of  the  centers  this  way  fruitlel's : for  I have 
always  found  the  light  of  the  ftars  to  play  upon  thole  lines  and 
feparate  their  apparent  diameters  into  two  parts.  Now  fince 
the  fpurious  diameters  of  the  ftars  thus  included,  to  my  certain 
knowledge,  are  continually  changing  according  to  the  ftate  of 
the  air,  and  the  length  of  time  we  look  at  them,  we  are,  in 
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fome  refpeCt,  left  at  an  uncertainty,  and  our  meafures  taken  at 
different  times,  and  with  different  degrees  of  attention,  will 
vary  on  that  account.  Nor  can  we  come  at  the  true  diftance 
of  the  centers  of  any  two  flars,  one  from  another,  unlefs  we- 
could  tell  what  to  allow  for  the  femi-diameters  of  the  flats 
themfelves ; for  different  flars  have  different  apparent  diame- 
ters, which,  with  a power  of  227,  may  differ  from  each  other 
(as  I have  experienced)  as  far  as  two  feconds. 

The  next  imperfection  is  that  which  arifes  from  a defleTioi) 
of  light  upon  the  wires  when  they  approach  very  near  to  each 
-other ; for  if  this  be  owing  to  a power  of  repuliion  lodged  at 
the  furface,  it  iseafy  to  underfland,  that  fuch  powers  muff  in- 
terfere with  each  other,  and  give  the  meafures  larger  in  pro- 
portion than  they  would  have  been  if  the  repulfive  power  of 
one*  wire  had  not  been  oppofed  by  a contrary  power  of  the 
other  wire. 

Another  very  confiderable  imperfection  of  thefe  micrometers 
is  a continual  uncertainty  of  the  real  zero.  I have  found,  that 
the  leaf!  alteration  in  the  fituation  and  quantity  of  light  will 
affect  the  zero,  and  that  a change  in  the  pofition  of  the  wires, 
when  the  light  and  other  circumftances  remain  unaltered,  will 
alfo  produce  a difference.  To  obviate  this  difficulty,  when- 
ever I took  a meafure  that  required  the  utmoft  accuracy,  my 
zero  was  always  taken  immediately  after,  while  the  apparatus 
remained  in  the  fame  fituation  it  was  in  when  the  meafure  was 
taken ; but  this  enhances  the  difficulty  becaufe  it  introduces  an 
additional  obfervation. 

The  next  imperfeChon,  which  is  none  of  the  fmaileff,  is 
that  every  micrometer  that  has  hitherto  been  in  ufe  requires 
either  a fcrew  or  a divided  bar  and  pinion  to  meafure  the  dis- 
tance of  the  wires  or  divided  image.  Thole  who  are  ac- 
quainted 
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quainted  .with  works  of  this  kind  are  but  too  fenfible  how  diffi- 
cult it  is  to  have  fcrews  that  {hall  he  perfectly  equal  in  every 
thread  or  revolution  of  each  thread  ; or  pinions  and  bars  that 
{hall  be  fo  evenly  divided  as  perfectly  to  be  depended  upon  in 
every  leaf  and  tooth  to  perhaps  the  two,  three,  or  four  tliou- 
fandth  part  of  an  inch;  and  yet,  on  account  of  the  fnaall 
fcale  of  thofe  micrometers,  thefe  quantities  are  of  the  greateft 
confequenee  ; an  error  of  a fingle  thoufandtji  part  inducing  in. 
moft.inftruments  a miftake  of  leveral  feconds. 

The  lad:  and  greateft  imperfection  oi  all  is,  that  thefe  wire, 
micrometers  require  a pretty  ftrong  light  in  the  held  of  view : 
and  when  ! had  double  liars  to  meafure,  one  of  which  was  very 
obfcure,  I was  obliged  to  be  content  with  lets  light  than  is  ne-- 
ceflary  to  make  the  wires  perfectly  diflinCl ; and  feveral  liars 
on  this  account  could  not  be  meafured  at  all,  though  other- 
wife  not  too  clofe  for  the  micrometer. 

The  iuftrument  I am  going  to  defcribe,  which  I call  a 
Lamp-Micrometer,  is  free  from  all  thefe  defeCls,  and  has, 
moreover,  to  recommend  it,  the  advantage  of  a very  enlarged 
fcale.  The  conllruCtion  of  it  is  as  follows. 

ABGCFE  (fig.  i ) is  a hand  nine  feet  high,  upon  which  a 
femi-circular  board  qhogp  is  moveable  upwards  or  downwards,  , 
in  the  manner  of  fome  fire-fcreens,  as  occafion  may  require,  and 
is  held  in  its  fituation  by  a pegp  put  into  any  one  of  the  holes 
of  the  upright  piece  AB.  This  board  is  a fegment  of  a circle 
of  fourteen  inches  radius,  and  is  about  three  inches  broader 
than  a femi-circle,  to  give  room  for  the  handles  rD,  rP,  to 
work.  The  ule  of  this  board  is  to  carry  an  arm  L,  thirty 
inches  long,  which  is  made  to  move  upon  a pivot  at  the  center 
of  the  circle,  by  means  of  a bring,  which  pabes  in  a groove 
upon  the  edge  of  the  femi-circle  pgohq ; the  bring  is  fabened  i 
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to  a hook  at  o (not  expreflfed  in  the  figure  being  at  the  back  of 
the  arm  L),  and  palling  along  the  groove  from  oh  to  q is  turned 
over  a pulley  at  q , and  goes  down  to  a fmall  barrel  e , within 
the  plane  of  the  circular  board,  where  a double-jointed  handle 
eP  commands  its  motion.  By  this  contrivance  we  fee  the  arm 
L may  be  lifted  up  to  any  altitude  from  the  horizontal  pofition 
to  the  perpendicular,  or  be  fuftered  to  defcend  by  its  own 
weight  below  the  horizontal  to  the  reverie  perpendicular  fitua- 
tion.  The  weight  of  the  handle  P is  fufficient  to  keep  the 
arm  in  any  given  pofition  ; but  if  the  motion  fhould  be  too 
eafy,  a friflion  fpring  applied  to  the  barrel  will  moderate  it  at 
plea  fu  re.  \ 

In  front  of  the  arm  L a fmall  Aider,  about  three  inches 
long,  is  moveable  in  a rabbet  from  the  end  L towards  the  cen- 
ter backwards  and  forwards.  A firing  is  faflened  to  the  left 
fide  of  the  little  Aider,  and  goes  towards  L,  where  it  pafles 
round  a pulley  at  m,  and  returns  under  the  arm  from  m,  v, 
towards  the  center,  where  it  is  led  in  a groove  on  the  edge  of 
the  arm,  which  is  of  a circular  form,  upwards  to  a barrel 
(railed  above  the  plane  of  the  circular  board)  at  r,  to  which 
the  handle  rD  is  faflened.  A fecond  firing  is  faflened  to  the 
Aider,  at  the  right  fide,  and  goes  towards  the  center,  where  it 
pafles  over  a pulley  n,  and  the  weight  w,  which  is  fufpended 
by  the  end  of  this  firing,  returns  the  Aider  towards  the  center 
when  a contrary  turn  of  the  handle  permits  it  to  afl. 

a and  b are  two  fmall  lamps,  two  inches  high,  i\  in  breadth 
by  1 1 in  depth.  The  fides,  back,  and  top,  are  made  fo  as  to 
permit  no  light  to  beleen,  and  the  front  confifls  of  a thin  brafs 
Aiding  door.  The  flame  in  the  lamp  a is  placed  three-tenths  of 
an  inch  from  the  left  fide,  three-tenths  from  the  front,  and 
half  an  inch  from  the  bottom.  In  the  lamp  b it  is  placed  at 

the 
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the  fame  height  and  diftance  meafuring  from  the  right  fide. 
The  wick  of  the  flame  confifts  only  of  a Angle  very  thin  lamp-* 
cotton,  thread  ; for  the  fmalleft  flame  being  fufficient  it  is  eafier 
to  keep  it  burning  in  fo  confined  a place.  In  the  top  of  each 
lamp  muft  be  a little  flit,  lengthways,  and*  alfo  a fmall  open- 
ing in  one  fide  near  the  upper  part,  to  permit  air  enough  to  cir- 
culate to- feed  the  flame.  To  prevent  every  reflexion  of  light, 
the  fide  opening,  of  the  lamp  a fhould  be  to  the  right,  and  that 
of  the  lamp  b to. the  left.  In  the  Aiding  door  of  each  lamp  is 
made  a fmall  hole  with  the  point  of  a very  fine  needle  juft  op- 
pofite  the  place  where  the  wicks  are  burning,  fo  that  when  the 
Aiders  are  fliut  down,  and  every  thing  dark,  nothing  (hall  be 
feen  but  two  fine  lucid  point3  of  the  fize  of  two  ftars  of  the  third 
or  fourth  magnitude-  The  lamp  a is  placed  fo  that  its  lucid  point 
may  be  in  the  center,  of  the  circular  board  where  it  remains  fixed. 
The  lamp  b is  hung  to  the  little  Aider  which  moves  in  the  rab- 
bet of  the  arm,  fo  that  its  lucid  point,  in  a horizontal  pofition 
of  the  arm,  may  be  on  a level  with  the  lucid  point  in  the  cen- 
ter. The  moveable  lamp  is  fufpended  upon  a piece  of  brafs- 
faftened  to.  the  Aider  by  a pin  exa&ly  behind  the  flame  upon 
which  it  moves  as  a pivot.  The  lamp-is  balanced  at  the  bottom 
by  a leaden  weight,  fo  as  always  to  remain  upright,  when  the 
arm  is> either  lifted  above,  or  deprefled  below,  the  horizontal' 
pofltion.  The  double-jointed  handles  rD,  eP,  confift  of  light 
deal  rods,  ten  feet  long,  and  the  loweft  of  them  may  have  divi- 
flons,  marked  upon  it  near  the  end  P,  exprefiing  exa&ly  the 
diftance  from,  the  central  lucid  point  in  feet,  inches,  and 
tenths. 

From  this  conftru<ftion  we  fee,  that  a perfon  at  a diftance  of 
ten  feet  may  govern  the  two  lucid  points,  fo  as  to  bring  them 
into  any  required  pofition  fouth  or  north  preceding  or  following; 
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>from  o to  90*  by  ufing  the  handle  P,  and  alfo  to  any  diftarice 
from  fix-tenths  of  an  inch  to  five  or  fix  and  twenty  inches  by 
means  of  the  handle  D.  If  any  reflection  or  appearance  of 
lio  ht  fhould  be  left  from  the  top  or  fides  of  the  lamps,  a tempo- 
irary  fereen,  con  lifting  of  a long  piece  of  pafte-board,  or  a 
wire  frame  covered  with’  black  cloth,  of  the  length  of  the 
whole  arm  and  of  any  required  breadth,  with  a flit  of  half  an 
inch  broad  in  the  middle,  may  be  affixed  to  the  arm  by  four 
bent  wires  projecting  an  inch  or  two  before  the  lamps,  fituated 
fo  that  the  moveable  lucid  point  may  pafs  along  the  opening 
left  for  that  purpofe. 

Fig.  2.  reprefents  part  of  the  arm  L,  half  the  real  fize  ; S 
the  Aider  ; m the  pulley,  over  which  the  cord  xtyz  is  returned 
towards  the  center ; v the  other  cord  going  to  the  pulley  n of 
fig.  1.  R the  brafs  piece  moveable  upon  the  pin  c,  to  keep  the 
lamp  upright.  At  R is  a wire  rivetted  to  the  brafs  piece,  upon 
which  is  held  the  lamp  by  a nut  and  ferew.  Fig.  3.  4.  repre- 
fent  the  lamps  a,  k,  with  the  Hiding  doors  open,  to  fhew 
the  fituatioii  of  the  wicks.  W is  the  leaden  weight  with  a 
hole  d in  it,  through  which  the  wire  R of  fig.  2.  is  to  be  pafted 
when  the  lamp  is  to  be  faftened  to  the  Aider  S.  Fig.  5.  repre- 
fents  the  lamp  a with  the  Aiding  door  (hut ; / the  lucid  point ; 
and  ik  the  openings  at  the  top,  and  s at  the  tides  for  the  ad- 
miffion  of  air. 

Every  ingenious  artift  will  foon  perceive  that  the  motions  of 
this  micrometer  are  capable  of  great  improvement  by  the  appli- 
cation of  wheels  and  pinions,  and  other  well  known  mecha- 
nical refources ; but,  as  the  principal  objeCt  is  only  to  be  able 
to  adjuft  the  two  lucid  points  to  the  required  poAtion  and  dis- 
tance, and  to  keep  them  there  for  a few  minutes,  while  the 
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obferver  goes  to  meafure  their  didance,  it  will  not  be  neceffarv 
to  fay  more  upon  the  fubjedh 

I am  now  to  (hew  the  application  of  this  inflrument.  It  is 
well  known  to  opticians  and  others,  who  have  been  in  the  habit 
of  ufing  optical  indruments,  that  we  can  with  one  eye  look  into 
a microfcope  or  telefcope,  and  fee  an  object  much  magnified,  while 
the  naked  eye  may  fee  a fcale  upon  which  the  magnified  picture 
is  thrown.  In  this  manner  I have  generally  determined  the 
power  of  my  telefcopes ; and  any  one  who  has  acquired  a 
facility  of  taking  fuch  obfervations  will  very  feldom  midake-  fo 
much  as  one  in  fifty  in  determining  the  power  of  an  indru- 
ment,  and  that  degree  of  exadtnefs  is  fully  fufficient  for  the 
purpofe. 

The  Newtonian  form  is  admirably  adapted  to  the  ufe  of  this 
micrometer  ; for  the  obferver  (lands  always  erect,  and  looks  in 
a horizontal  direction,  notwithftanding  the  telefcope  (hould  be 
elevated  to  the  zenith.  Bolides,  his  face  being  turned  away 
from  the  object  to  which  his  telefcope  is  directed,  this  micro- 
meter may  be  placed  very  conveniently  without  caufing  the 
lead  obftrudtion  to  the  view  : therefore,  when  I ufe  this  indru- 
ment  I put  it  at  ten  feet  didance  from  the  left  eye,  in  a line 
perpendicular  to  the  tube  of  the  telefcope,  and  raife  the  move- 
able  board  to  fuch  a height  that  the  lucid  point  of  the  central 
lamp  may  be  upon  a level  with  the  eye.  The  handles,  lifted 
up,  are  paffed  through  two  loops  fadened  to  the  tube,  jud  by 
the  obferver,  fo  as  to  be  ready  for  his  ufe.  I fhould  oblerve, 
that  the  end  of  the  tube  is  cut  away  fo  as  to  leave  the  left  eye 
intirely  free  to  fee  the  whcjle  micrometer. 

Having  now  directed  the  telefcope  to  a double  dar,  I view  it 
with  the  right  eye,  and  at  the  lame  time  with,  the  left  fee  it  pro- 
Vom  LXXII,  Z jetted 
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jetted  upoii  the  micrometer  ; then,  by  the  handle  P , which  com- 
mands the  pofition  of  the  arm,  I raile  or  depiefs  it  fo  as  to  bring 
the  two  lucid  points  to  a fimilaf  Situation  with  the  two  ftars ; and, 
by  the  handle  D,  I approach  or  remove  the  moveable  lucid  point 
to  the  fame  diftance  of  the  two  ftars,  fo  that  the  two  lucid 
points  may  be  exactly  covered  by,  or  coincide  with  the  ftars* 
A little  practice  in  this  bufmefs  foon  makes  it  ealy,  efpecially 
to  one  who  has  already  been  ufed  to  look  with  both  eyes  open. 

What  remains  to  be  done  is  very  fimple.  With  a proper 


rule,  divided  into  inches  and  fortieth  parts,  I take  the  diftance 
of  the  lucid  points,  which  may  be  done  to  the  greateft  nicety-, 
becaufe,  as  I obferved  before,  the  little  holes  are  made  with  the 
point  of  a very  fine  needle.  The  meafure  thus  obtained  is  the 
tangent  of  the  magnified  angle  under  which  the  ftars  are  feen 
to  a radius  of  ten  feet ; therefore,  the  angle  being  found  and 


divided  by  the  power  of  the  telefcope  gives  the  real  angular 


diftance  of  the  centers  of  a double  ftar. 

For  inftance,  September  25,  1781,  I meafured  * Herculis 
with  this  mftfument.  Having  caufed  the  two  lucid  points  to 
coincide  exaftly  with  the  ftars  center  upon  center,  I found  the 
radius  or  diftance  of  the  central  lamp  from  the  eye  10  feet 
4,15  inches;  the  tangent  or  diftance  of  the  two  lucid  points 
50,6  fortieth  parts  of  an  inch;  this  gives  the  magnified  angle 
and  dividing  by  the  power  which  I ufed,  we  obtain 
4"  34'"  for  the  diftance  of  the  centers  of  the  two  ftars.  The 
fcale  of  the  micrometer  at  this  very  convenient  diftance,  with 


the  power  of  460  (which  my  telefcope  bears  fo  well  upon  the 
fixed  ftars  that  for  near  a twelVe-fnonth  paft  1 have  hardly  ufed 
any  other)  is  above  a quarter  of  an  inch  to  a fecond ; and  by 
putting;  on  my  power  of  022,  which  in  very  fine  evenings  is 

1 extremely 
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extremely  didiucl,  I obtain  a fcale  of  more  than  half  an  inch 

* * » • i » • J 

to  a fecond,  without  increafing  the  didance  of  the  micrometer  ; 
whereas  the  mod:  perfect  of  my  former  micrometers,  with  the 
fame  in  dr  u meat,  had  a fcale  of  lefs  than  the  two  thoiifandth 
part  of  an  inch  to  a fecotid. 

The  meafures  of  this  micrometer  are  not  confined  to  double 
dars  only,  but  may  be  applied  to  any  other  objects  that  require 
the  utmod  accuracy,  fuch  as  the  diameters  of  the  planets  or 
their  fatellites,  the  mountains  of  the  moon,  the  diameters  of 
the  fixed  dars,  &c. 

For  indance,  October  22,  1781,  I meafured  the  apparent 
diameter  of  <*  Lyras ; and  judging  it  of  the  greated  impor- 
tance to  increafe  my  fcale  as  much  as  convenient,  I placed  the 
micrometer  at  the  greated  convenient  didance,  and  (with  fomc 
trouble,  for  want  of  longer  handles,  which  might  eafily  be 
added)  took  the  diameter  of  this  dar  by  removing  the  two 
lucid  points  to  fuch  a didance  as  jud  to  inclofe  the  apparent 
diameter.  When  I meafured  my  radius  it  was  found  to 
be  twenty-two  feet  fix  inches.  The  didance  of  the  two 
lucid  points  was  about  three  inches ; for  I will  not  pre- 
tend to  extreme  nicety  in  this  obfervation,  on  account  of  the 
very  great  power  I ufed,  which  was  6450.  From  thefe  mea- 
fures we  have  the  magnified  angle  38'  10"  \ this  divided  by 
the  power  gives  0^,355  for  the  apparent  diameter  of  & Lyne. 
The  fcale  of  the  micrometer,  on  this  occafion,  was  no  lefs 
than  8,443  inches  to  a fecond,  as  will  be  found  by  multiplying 
the  natural  tangent  of  a fecond  with  the  power  and  radius  in 
inches. 

November  28,  1781,  I meafured  the  diameter  of  the  new 
dar ; but  the  air  was  not  very  favourable,  for  this  fingular  dar 
was  not  fo  didind  with  227  that  evening  as  it  generally  is 
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with  460  : therefore,  without  laying  much  ftrefs  upon  the 
exaftnefs  of  the  obfervation,  I (hall  only  report  it  to  exemplify 
the  ufe  of  the  micrometer.  My  radius  was  ^5  feet  1 1 inches. 
The  diameter  of  the  ftar,  by  the  diftance  of  the  lucid  points, 
was  2,4  inches,  and  the  power  I ufed  227  : hence  the  magni- 
fied angle  is  found  19',  and  the  real  diameter  of  the  ftar 
5'', 02 2.  The  fcale  of  this  meafure  ,474  m-illefimals  of  an 
inch,  or  almoft  half  an  inch  to  a fecond. 
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XIV.  A Paper  to  obviate  fome  Doubts  concerning  the  great  Mag- 
nifying Powers  ufed . By  Mr.  Herfchel,  F.  R.  S. 


TO  SIR  JOSEPH  BANKS,.  BART.  P*  R.  S. 


SIR, 

1HAVE  the  honour  of  laying  before  yon  the  refult  of  a fet 
of  meafures  I have  taken  in  order  to  afcertain  once  more  the 
powers  of  my  Newtonian  feven-feet  reflector.  The  method  I 
have  formerly  ufed,  and  which  I hill  prefer  to  that  which  I 
have  now  been  obliged  to  praftife,  requires  very  fine  weather 
and  a ftrong  fun-lhiny  day  ; but  my  impatience  to  anfwer  the 
requefts.of  Sir  Joseph  banks  would  not  permit  me  to  wait  for 
fo  precarious  an  opportunity  at  this  fe  a foil  of  the  year.  The 
difference  in  all  the  powers,  as  far  as  2010,  will  be  found  to 
be  in  favour  of  thole  I have  mentioned  ; and,  I believe,  a 

much  greater  concurrence  could  not  well  be  expe&ed,  where 

different 


'174-  -A  Paper  to  obviate  feme  Doubts  concerning  the 

different  methods  of  afeertaining  them  are  ufed.  The  varia- 
tion in  the  two  higheff  powers  is  more  confiderable  than  I was 
aware  of;  but  hill  may  ealily  be  (hewn  to  be  a neceflary  confe- 
quenee  of  the  difference  in  the  methods.  However,  if  upon 
comparing  together  the  methods  it  fhould  be  thought,  that  the 
power  5786  is  nearer  the  truth  than  6450,  I (hall  readily  join 
to  correct  that  number.  The  manner  in  which  I have  now 
determined  the  powers  is  as  follows : I took  one  of  the  eye 
lenfes  which  magnifies  leaff,  and  meafured  its  folar  focus  by 
the  fun’s  rays  as  exactly  as  I could  five  times,  which  proved  to  be 
1.01,  1.04,  1.09,  1.01,  1.05,  in  half-inch  meafure,  a mean  of 
which  is  1.04.  The  fidereal  focus  of  my  feven-feet  fpeculum 
is  170.4  ’m  the  fame  meafure.  Thence,  dividing  170.4  by 
1.04  we  find  that  the  telefcope  will  magnify  163.8  times  when 
that  lens  is  ufed.  This  power  being  found,  I applied  the  fame 
lens  as  a fingle  microfcope  to  view  with  it  a certain  objeCt, 
which  was  a drawn  brafs  wire  fattened  fo  as  not  to  turn  upon 
its  axis  or  change  its  pofition  ; for  thefe  wires  are  feldom  per- 
fectly round,  or  of  an  even  fize,  and  it  is  therefore  neceffary  to 
ufe  this  precaution  to  prevent  errors : then,  with  a fine  pair 
rtf  compafifes,  I took  four  independent  meafures  of  the  image 
of  the  brafs  wire,  which  was  thrown  upon  a theet  of  paper 
exadtly  inches  from  the  lens,  the  eye  being  always  as  clofe 
to  the  lens  as  poffible.  I viewed  the  fame  wire,  exaCtly  in  the 
fame  manner,  with  every  one  of  the  lenfes,  and  rneafured  the 
pictures  upon  the  paper.  When  I came  to  the  higher  powers 
the  wire  eyas  exchanged  for  another  4.37  times  thinner  than 
the  former,  as  determined  by  comparing  the  proportion  of  their 
images  54  to  235  £,  taken  by  the  fame  lens. 

When  the  images  of  thefe  wires  are  obtained,  the  power  of 
the  telefcope,  with  every  one  of  the  lenfes,  becomes  known 

by 
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by  one  plain  analogy  : viz,  as  the  image  of  the  wire  by  the  firfl 
lens  (77 1)  is  to  the  power  it  gives  to  the  telefcope  (163. 8),  fo 
is  the  image  of  the  wire  by  the  fecond  lens  (1 19)  to  the  power 
it  will  give  to  the  fame  telefcope  (250.7).  The  particulars  of 
all  the  meafures  are  as  follows  : 


Powers  as 
they  have 
been  called 
in  my  papers. 

mages  of  a wire  throwr 
upon  a paper  in  hundredths 
of  half  inches. 

A mean  of 
the  four 
meafures. 

Powers  as  they 
come  out  by  this 
method. 

146 

CO 

78 

78 

77  + 

163.86 

_ 1 * * *7°  4 

1. 04 

227 

I 19  1 19 

11 9 

1 19 

I 19 

25°-7 

278 

'43  1 43 

144 

i43 

J4  3i 

301.8 

r 

236  236 

23  5 

236 

235*] 

460  - 

Smaller  wire.. 

496.7 

53  54 

55 

54 

54  J 

754 

s3  85 

84 

85 

84j 

775*1 

93z 

10 7 107 

107 

108 

107I 

986.7 

11 59 

128  128 

129 

128 

1 28^ 

1 1 79.9 

1 536 * 

An  excellent  lens,  loft  about  eight  months 

ago. 

2010 

■236  236 

238 

3 36 

236i 

2175.8 

3 1 68 

2§I  283 

281 

280 

281  \ 

2SSS-S 

6450 

635  6^5 

630 

626 

6 2 9 

5786.8 

I beg  leave,  Sir,  now  to  give  a fhort  defeription  of  the  method: 

I have  formerly  ufed  to  determine  thefe  powers.  In  the  year 

1776 1 ere&ed  a mark  of  white  paper,  exactly  half  an  inch  in . 

diameter,  which  I viewed  with  my  telefcope  at  the  greateft 

convenient  diftance  with  one  of  the  leaf:  magnifiers.  Am 

afftft ant  was  placed  at  redf  angles  in  a field,  at  the  fame  diftance 

from 
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from  my  eye  as  the  object  from  the  great  fpeculum  of  the  tele* 
icope.  Upon  a pole  erefted  there  1 viewed  the  magnified  image 
of  the  half  inch,  and  the  alfifhmt  marked  it  by  my  direction  ; 
this  being  mealured  gave  the  power  of  the  inftrument  at  once. 
The  power  thus  obtained  was  corrected  by  theory,  to  reduce  it 
to  what  it  would  be  upon  infinitely  diffant  objedls.  The 
powers  of  the  reft  of  the  lenfes  I deduced  from  this  by  a Ca- 
mera-eye-piece, which  I made  for  that  purpofe.  ABCD  (fig.  i.) 
reprefents  a perpendicular  fection  of  it.  The  end  A fcrewS 
into  the  telefcope.  Upon  tire  end  B may  be  ferewed  any  of  the 
common  lingle-lens  eye-pieces.  Imn  is  a fmall  oval  plane 
fpeculum,  adjured  to  an  angle  of  450  by  three  ferews,  two 
whereof  appear  at  op.  When  the  oblerver  looks  in  at  B,  he 
may  lee  the  objefil  projected  upon  a Iheet  of  paper  on  a table 
placed  under  the  Camera-piece,  and  meafure  its  picture  a,  b,  as 
in  fig.  2.  The  power  of  one  lens  therefore  being  known,  that 
of  the  reft  was  alfo  found  by  comparing  the  meafures  of  the 
projected  images. 

It  may  not  be  amils  to  mention  fome  of  the  advantages  and 
inconveniencies  attending  each  of  thele  methods.  When  we 
take  the  focus  of  an  eye- lens,  which  the  firft  method  requires, 
we  are  liable  to  a pretty  confiderable  uncertainty,  and  in  very 
fmall  lenfes  it  is  not  to  be  done  at  all.  Moreover,  in  calculating 
the  power  by  that  focus  no  account  is  made  of  the  aberration 
which  takes  place  in  all  fpecula  and  lenfes,  and  increafes  the 
image,  fo  that  we  rather  find  out  how  much  the  telefcope 
fhould  magnify  than  how  much  it  really  does  magnify;  but  in 
determining  the  power  by  an  experiment  we  avoid  thele  diffi- 
culties. 

On  the  other  hand,  when  the  powTer  is  very  great,  the  latter 
method  becomes  inconvenient,  both  on  account  of  want  of 

light 
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light  iti  the  object,  and  a very  confiderable  aberration  which 
takes  place,  and  makes  the  picture  too  indidinft  to  be  very  ac- 
curate in  the  meafure,  and  of  courfe  larger  than  it  ought  to  be; 
and  this  will  account  for  the  excefs  in  the  meafures  of  my  two 
larged:  powers.  However,  when  I employed  6450  upon  the 
diameter  of  a Lyras,  1 incline  to  think  the  method  I had  ufed 
when  I determined  that  power,  ought  to  be  preferred,  becaufe 
mv  Lamp-micrometer  gives  the  meafure  of  an  object  as  it  ap- 
pears in  the  telefcope,  and  therefore  this  aberration  is  included, 
ard  fhould  be  taken  into  confideration. 

' *-  f 

To  prevent  any  miftakes,  I wifh  to  mention  again,  that  I 
have  all  along  proceeded  experimentally  in  the  ufe  of  my  powers, 
and  that  Ido  not  mean  to  fay  I have  ufed  6450  (or  5786)  upon 
the  planets,  or  even  upon  double  dars ; every  power  I have 
mentioned  is  to  be  underftood  as  having  been  ufed  jud  as  it  is 
related ; but  farther  inferences  ought  not  as  yet  to  be  drawn. 
For  indance,  my  obfervations  on  e Bootis  mention  that  I have 
viewed  that  dar  with  2010  (or  as  in  the  above  table  with  2175) 
extremely  didinfl ; but  upon  feveral  other  celedial  objects  I 
have  found  this  power  of  no  fervice.  Many  plaufible  fug- 
gedions  have  already  occurred  to  account  for  thefe  appearances; 
but  I wait  till  farther  experiments  fhall  have  furnifhed  me  with 
more  materials  to  reafon  upon.  The  ufe  of  high  powers  is  a 
new  and  untrodden  path,  and  in  this  attempt  variety  of  new 
phenomena  may  be  expected,  therefore  I wifh  not  to  be  in 
a hade  to  make  general  conclufions.  I fhall  not  fail  to  purfue 
this  fubje£t,  and  hope  foon  to  be  able  to  attack  the  celedial 
bodies  with  a dill  dronger  armament,  which  is  now  pre- 
paring. 
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It  remains  now  only  for  me  to  make  the  moft  fincere 
acknowledgement  for  the  favours  you  have  fhewn  to  me, 
and  to  fay  that  I (hall  ever  remain,  with  equal  refpedt  and 
gratitude, 

sir,  your  moft  obedient,  &c. 

P.  S.  Dr.  watson  junior  has  done  me  the  favour  feparately 
to  examine  and  meafure  the  powers  of  my  telefcope ; and 
placing  the  greateft  confidence  in  his  accuracy,  I rely  on  his 
meafures  at  lead:  as  much  as  my  own. 
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XIV.  Continuation  of  the  Experiments  and  Obfervations  on  the 
Specific  Gravities  and  Attractive  Powers  of  various  Saline 
Subfiances . By  Richard  Kirwan,  Efq . F . R.  S, 


Read  April  n,  1782. 

Before  i enter  into  a detail  of  the  new  experiments  I 
have  made  in  the  profecution  of  this  fubjeCt,  I mull  beg 
leave  to  rectify  fome  miflakes  I have  fallen  into  in  my  lafl 
paper. 

1.  In  computing  the  quantity  of  acid  taken  up  by  10,5  gr.  of 
mild  vegetable  fixed  alkali,  I made  no  allowance  for  the  fmall 
quantity  of  earth  it  contains,  viz . 0,70 35  of  a grain  ; but  in 
large  quantities  of  alkali,  this  proportion  is  conliderable,  and 
occalioned  a fmall  but  fenlible  error  in  my  fubfequent  calcula- 
tions of  the  proportion  of  ingredients  in  neutral  falts,  the 
quantity  of  alkali  being,  bv  that  fraction,  lefs  than  I fuppofed 
it  in  10,5  gr.  This  correction  being  made,  it  will  be  found, 
that  100  gr.  of  perfectly  dry  vegetable  fixed  alkali  (abftraCted 
from  the  quantity  of  earth)  generally  contain  22,457  gr-  °f 
fixed  air  inftead  of  21,  as  I before  determined  ; yet  the  former 
determination  is  right,  where  the  earth  is  not  feparated,  yet 
may  well  be  fuppofed  to  exift,  as  in  the  alkali  of  pearl-afh, 
purified  by  three  repeated  calcinations  and  folutions.  Hence 
alfo  100  gr.  of  fuch  alkali,  free  from  earth,  water,  and  fixed  air, 
take  up  46,77  gr.  of  the  mineral  acids,  that  is,  of  the  mere 
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acid  part;  and  ioo  gr.  of  common  mild  vegetable  alkali  take 
up  about  36,23  of  real  acid. 

100  gr.  of  perfectly  dry  tartar  vitriolate  contain  30,21  of  real 
acid,  64,61  of  fixed  idkaji,  and  5,18  of  water.  Crystallized 
tartar  vitriolate  lofes  only  1 per  cent,  of  ' water  in  a heat  in 
which  its  acid  alfo  is  not  Separated  in  any  degree,  and  therefore 
contains  6,18  of  water. 

100  gr.  of  nitre,  perfectly  dried,  contain  30,86  of  acid,; 
66  of  alkali,  and  3,14  of  water;  but  in  cryftaliized  nitre  the 
proportion  of  water  is  Somewhat  greater ; for  1 00  gr.  of  thefe 
cryftals,  being  expofed  to  a heat  of  1 8o°  for  two  hours,  loft 
3 gr.  of  their  weight,  without  exhaling  any  acid  fmell ; but 
when  expofed  to  a heat  of  200°,  the  fmell  of  the  nitrous  acid 
is  diftincftly  perceived.  Hence  100  gr.  of  cryftaliized  nitre  con- 
tain 29,89  of  mere  acid,  63,9 7 of  alkali,  and  6,14  of  water. 

100  gr.  of  digeftive  fait  perfectly  dry  contain  29,68  of  marine 
acid,  63,47  of  alkali,  and  6,85  of  water.  100  gr.  of  cryftal- 
iized digeftive  fait  lofe  but  1 gr.  of  their  weight  before  the 
fmell  of  the  marine  acid  is  perceived  ^ and  hence  they  contain 
7,85  gr.  of  water. 

But  the  miftake  which  coft  me  moft  time  and  pains  to  cor- 
raft  was  that  which  I fell  into  when  I imagined,  that  the  mix- 
tures of  oil  of  vitriol  and  water,  and  Spirit  of  nitre  and  water, 
had  attained  their  maximum  of  denlity  when  they  had  cooled 
to  the  temperature  of  the  atmofphere,  which  at  the  time  I 
made  my  experiments  flood  between  50  and  6o°  of  Fahren- 
heit. The  former  I had  even  Suffered  to.  ftand  fix  hours, 
which  was  much  longer  than  was  necefiary  for  its  cooling;  but 
when  the  acid  was  fo  much  diluted  as  to  caufe  little  or  no  heat, 
I allowed  it  to  ftand  but  for  a very  little  time  before  I examined 
ks  denlity : yet  Several  months  after  I found  many  of  thefe 
f mixtures 


on  the  Specific  Gravities , &c.  oj  Saline  Subjhmces.  1 8r 

mixtures  much  denfer  than  when  I fir  ft  examined  them,  and; 
that  at  leaft  twelve  hours  reft  was  requiftte  before  concentrated 
oil  of  vitriol,  to  which-  even  twice  its  weight  of  water  is 
added,  attains  its  utmoft  denfity,  and  ftill  more  when  a lefler 
proportion  of  water  is  uled  : thus,  when  I made  the  mixture 
of  2519,75  gr.  ot  oft  of  vitriol,  whofe  Ipecihc  gravity  was- 
1,819,  with  180  of  water,  1 found  its  denfity  fix  hours  after 
1,771  ; but  after  twenty-four  hours  it  was  1,798  : and  hence,, 
according  to  the  reafoning  in  the  former  paper,  the  accrued  den- 
lity  was  at  leaft  ,064  inftead  of  ,045  as  I had  formerly  found 
it.  But  by  ufing  oil  of  vitriol  ftill  more  concentrated,  whole 
fpecifc  gravity  was  1,8846,  I was  enabled,,  by  a fimilar  train 
of  reafoning,  to  make  a ftill  nearer  approximation,  and  found 
that  the  accrued  denfity  of  oil  of  vitriol,  whofe  fpecifc  gra- 
vity is  1,819,  amounts  to  0,-104;  and  confequently  its  mathe- 
matical fpecifc  gravity  is  1,715.  6,5  gr.  of  this  oil  of  vitriol 

contained,  as  I before  found,  3,55  of  mere  acid,  and  the  re- 
mainder water,  then  the  weight  of  an  equal  bulk  of  water  is 
3,79  gr-r  and  fubtradting  from  this  the  weight  of  the  water 
that  enters  into  the  compofttion  of  the  oil  of  vitriol,  it  will  be 
found,  that  the  weight  of  a bulk  of  water,  equal  to  the  acid 
part,  is  0,84,  and  confequently  the  fpecifc  gravity  of  the 
pure  and  mere  acid  part  is  4,226.  Upon  this  ground,  and 
conftantly  allowing  the  mixtures  to  reft  at  leaft  twelve  hours 
(until  the  oil  of  vitriol  was  diluted  with  four  times  its  weight 
of  water,  and  then  often  only  fix  hours)  before  their  denlity 
was  examined,  I conftrudted  the  table  hereto  annexed  ; the  tem- 
perature of  the  room  I conftantly  kept  between  50  and  6o°. 
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Oil  of 
vitriol. 

Acid. 

W ater. 

Accruec 

denfity. 

Mathemat. 
fp.  gravity. 

Grains. 

1000 

387'95 

,07 

1,877 

1 100 

— — 

487,95 

,104 

1 >7  38 

1200 

— - 

587,95 

,105 

4>637 

1300 

— — 

687,95 

,M4 

i,56x 

1400 

— — 

787,95 

,144 

1,5°° 

1500 

— — 

887,95 

5 1 37 

i,452 

1 

1600 

— — 

987,95 

>l37 

1,412 

1 700 

— — 

1087,95 

,J3° 

1,379 

1800 

— — 

1187,95 

,124 

1 35° 

1900 

,1287,95 

, 1 16 

1,326 

2000 

— — 

1 ^7,95 

,116 

i,3°4 

2100 

— — 

•i4S7,95 

,112 

1,286 

• 

2200 

— - 

i587>95 

,112 

1,269 

2300 

— — 

1687,95 

,108 

1,254 

l 

2400 

— — 

1787,95 

,104 

1,241 

. 

2500 

— — 

1887,95 

,104 

1,229 

2600 

— - 

1987,95 

,101 

1,219 

2700 

— 

2087,95 

,096 

1,209 

2800 

» 

_ _ 

2187,95 

,091 

1,200 

2900 

— — 

2287,95 

,090 

1,192 

3000 

— — 

2387,95 

,090 

1,184 

1 

31 00 

612,05 

2487,95 

,090 

i,i77 

3200 

— _ 

2587>95 

,090 

1,170 

• 

33°° 

— — 

2687,95 

,089 

1,164 

• 

• 34oo 

— — 

2787,9^ 

,084 

i,i59 

35oo 

— — 

2887,95 

,083 

1,15° 

3600 

— — 

2987,95 

,°73 

1,149  ' 

3700 

— — 

3087,95 

,°73  . 

1,144 

3800 

— — 

3187  95 

,071 

1,140 

39°o 

— — 

3287,95 

,07  r 

M36 

4000 

— — 

3387,95 

,071 

I,132 

4100 

— — 

3487,95 

,070 

2,128 

4200 

— — 

3587,95 

,070 

1,125 

4300 

— - 

3687,95 

,070 

1,121 

4400 

— — 

3787,95 

,070 

1,118 

4500 

- - 

3837,95 

,070 

1,115 

4600 

— — 

3987  95 

,070 

1,113 

4700 

- — 

4087,95 

,070 

1,110 

4800 

— — 

4187,95 

,070 

1,107 

4900 

— — 

4287,95 

,070 

1,105 

5°°  0 

— — 

4387,95 

,070 

i,i°3 

< 

5100 

— — 

4487,95 

,069 

1,100 

1,846 

1,844 

1,742 

I>7°5 

1,644 

^589 

*>539 

I, 509 

J, 474 
1,442 
1,420 

h39% 
1,381 
1,362 
1 >345 

J>333 

1.220 

I>3°7 

1,291 

1,282 

1,274 

1,267 

1,260 

W3 
!>243 
*>233 
1,222 
1,217 
1,21 1 
1,208 
1,204 
1,198 

!>195 

1,191 

1,188 

1,185 

1,183 

1,180 

I,I77 

V75 

1,172 

!,i69 
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Oil  of 
vitriol. 

Acid. 

Water. 

Accrued 

denfity 

Matheinat. 
Ip.  gravity. 

Grain?. 

5200 

mmm  _ _ 

4587,95 

,069 

1,098- 

1,167 

5300 

— — 

46»7,95 

,069 

1,096 

1,165 

5400 

— — 

4787,95 

,069 

1,094 

1,163 

550° 

— — 

4887,95 

,068 

1,092 

I,l6o 

5600 

— — 

4987,95 

,067 

1,091 

1^58 

5700 

— — 

5087,95 

,067 

1,089 

1,156 

5800 

— — 

5187,95 

,067 

1,087 

I,154 

5900 

— — 

5287,95 

,065 

i,c86 

1 '<»  1 5 1 

6000 

— — 

5387,95 

,064 

1,084 

1,148 

6100 

6 1 2,05. 

5487,95 

,064 

1,082 

1,146 

. 6200 

5587,95 

,063 

1,081 

4I44-: 

6300 

— — 

5687,95 

,062 

1,080. 

1,142 

6400 

— — 

5787,95 

,062 

HH 

O 

00 

1,140 

6500 

— — 

5887,95 

,061 

1,077 

1,138 

6600 

— - 

5987,95 

,060 

1,076 

I,I36 

. 6700 

— — 

6087,95 

,060 

1,074 

1,134 

6800 

- — 

6187,95 

,060 

1,072 

1,132 

* 6900 

— — • 

6287,95 

,060 

1,070. 

I»13° 

700.0 

— — 

6387,95 

,°59 

1,069 

1,128  ( 

With  regard  to  the  nitrous  acid,  I found  alfo  I had  been  a 
little  too  precipitate  as  to  the  time  of  examining  its  denfity 
after  it  had  been  mixed  with  water.  Hence,  making  ufe  of 
fome  whofe  fpecific.  gravity  was  1,474,  I allowed  the  mixtures 
to  reft  twelve  hours,  until  it  was  diluted  with  twice  its  weight 
of  water,  and  the  fubfequent  mixtures  fix  hours  at  lead: ; by 
the  former  procefs  of  reafoniug,  I found  the  fpecific  gravity 
of  the  mere  nitrous  acid  to  be  5,5.30, 
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Spirit; 
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Spirit  ot 

Acid. 

Water. 

Accrued 

Mathcmat. 

Phyiical 

nitre. 

denfity. 

fp.  gravity. 

fp.  gravity. 

900 

507 

1,557 

1,557 

1000 

- — 

1 607 

— — ■ 

1,474 

11,474 

I IOO 

•—  — s 

707 

>°3S 

1,413 

1,448 

1200 

_ ^ 

807 

,056 

!,36  7 

W3 

1300 

- 

9O7 

,065 

I»329 

*,394 

1400 

- •** 

1007 

,065 

1,298 

*>363 

1500 

— — ^ 

1 107 

,077 

*,273 

1,35° 

1600 

_ _ 

; 120 7 

,oS2 

1,251 

*>333 

1 700 

— — 

1 *3°7- 

,082 

I»233 

*>3*5 

1 Soo 

— -» 

H°7- 

,083 

1,217 

i,  300 

1900 

- — 

* *5°7 

,083 

1,204 

11,287 

2000 

- -=. 

1,607 

,096 

1 , 1 9 1 

1,269 

2 IOO 

— 

1 11707 

,088 

1 , 1 8 1 

1,254 

2200 

— — 

11807 

,071 

1,176 

1,247 

23OO 

— -r 

1,907 

,068 

1,162 

1,230 

240 O 

_ - 

3007 

,068 

i,i54 

• 1,222 

2500 

— *T. 

r 2107- 

,067 

1,147 

1,214 

2600 

— “T-. 

1 3207 

,065 

1,141 

I,206 

2 700 

— -0 

33°7 

>063 

I,I35 

1,198 

2800 

- — 

2,407 

,061 

1,129 

I,  I90 

29OO 

- - 

25°7 

,°58 

1,124 

I,l82 

3OOO 

2607 

! >°55 

1,120 

>>l75 

3 too 

593 

27°7 

. ,054 

1,116 

1,170 

32OO 

2807 

,°54 

J 1, 1 11 

1,165 

33°° 

— _ — 

29O7 

,°53 

1,108 

I,l6l 

34°o 

- ~ 

3007 

>°52 

1,104 

1,156. 

4 35°° 

- 

3 1°7 

,050, 

1,101- 

1,15 1 

3600, 

* ' 

3207 

,048 

1.^098 

1,146 

3700 

— — 

33°7 

,°47 

!,°95 

1,142 

I 3800 

— “ 

34°7 

,045 

1,092  or  3, 

*>i3'7 

39°° 

— — 

35°7 

,043 

1,089 

1,132 

4000 

— — 

3607 

,040 

1,087 

1,127 

4100 

— — 

37°7 

,°37 

1,085 

i 1,122. 

4200 

- — 

3807 

,°35 

1,083 

1, 1 18 

43°° 

— — 

39°7 

,034 

1,080 

1,114 

4400 

— — 

4007 

,032 

1,078 

1,1  IO 

45°° 

— — 

4107 

,029 

i,°77 

1,106 

4600 

— — 

4207 

,027 

1,075 

1,102 

4700 

- - 

43°7 

,025 

1,073 

1,098 

4800 

— — 

44°7 

,022 

1,072 

1,094 

4900 

_ — 

4S°7 

,020 

1,070 

1,090 

500° 

_ - 

4607 

,018 

1,068 

1,086 

5IO° 

— — 

47°7 

,015 

1,067 

1,082 

5200 

— — 

4807 

,012 

1,066 

1,078 

53°° 

- - 

49°  7 

,008 

1,066 

1,074 
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. The  foregoing  experiments  were  made  at  the  temperature  of 
between  50  and  6o°  of  Fahrenheit  ; but  as  it  may  be  fuf- 
pe&ed,  that  the  denfity  of  the  above  acids  is  confiderably 
altered  at  degrees  of  temperature  confiderably  different,  I en- 
deavoured to  find  the  quantity  of  this  alteration,  and  to  calcu- 
late what  this  denfity  would  be  at  55%  that  the  quantities  of 
acid  and  water  may  thereby  be  inveftigated. 

To  this  end  I took  fome  dephlogi {Heated  fpirit  of  nitre,  and 
examined  its  fpecific  gravity  at  different  degrees  of  heat,  and 
found  it  as  follows  : 


at  < 


Deg. 

' 3° 

46 

86 

1 20 


Sp.  gravity. 

1,4653 

i,4587 

1,4302 

1,4*23 


X’i 


A T ,0  ....  f ^ . r n • * • ■ • 

Therefore,  the  total  expanfion  of  this  fpirit  of  nitre  from 
30  to  1200,  that  is,  by  90°  of  heat,  was  0,0527  ; for 
1,4650-  1,4123  = ,0527,  by  which  we  fee  that  the  dilatations 
are  nearly  proportional  to  the  degrees  of  heat : for  beginning 
with  the  firft  dilatation  from  20  to  46°,  that  is,  by  160  of  heat 
-H-90 . 0,0527  ::  16  . 0,0093  ; but  in  reality  thefe  160  of  heat 
afforded  a dilatation  equal  only  to  0,0065  ; for  1,4650  - 1,4587 
= 0,0062  ; fo  that  the  difference  betwixt  the  calculated  and 
obferved  dilatations  is  only  a difference  of  no  confe- 

quence  in  the  prefent  cafe,  and  that  might  arife  from  the  im- 
merfion  of  the  cold  glafs  ball  filed  with  mercury  in  the  liquor, 
it  being  the  folid  I ufe  to  try  the  fpecifc  gravity  of  liquids.  In 
the  next  cafe  the  difference  is  ftill  lefs ; for  fr  90 . 0,0527  :: 
56 . 0,0327  ; but  56°  of  heat  produced  in  reality  a'  dilatation 
ofo,o348  for  f ,4650  - 1,4302  = 0,0348,  fo  that  the  calculation 
is  deficient  only  in 
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I afterwards  tried  another,  and  fomewhat  ffronger,  fpirit  of 
nitre,  whofe  fpecifc  gravity  was 


Deg. 

Sp.  gravity 

' 34 

>>475° 

at  * 

49 

1,46-3 

> 

-• 

115° 

" 1,3792 

Here  alfo  the  expanfions  are  nearly  proportional  to  the  degrees 
of  heat ; for  1 16°  of  heat  (the  difference  between  3+  and  1 50), 
produce  an  expanfion  of  00958;  and  if  of  heat  (the  dif- 
ference between  34  and  49)  produce  an  expanfion  of  0,0097*. 
and  by  calculation  0,0123,  which  lad:  differs  from  the  truth 

onlyby^W 

By  this  experiment  we  fee,  that  the  ftronger  the  fpirit  of 
nitre  is,  the  more  it  is  expanded  by  the  fame  degree  of  heat 
for  if  the  fpirit  of  nitre  of  the  laft  experiment  were  expanded 
in  the  fame  proportion  as  in  the  firff,  its  dilatation  by  u 6°  of 
heat  fhould  be 0,0679,  whereas  it  was  found  to  be  0,0958. 

As  the  dilatation  of  fpirit  of  nitre  is  fir  greater  than  that  of 
water  by  the  fame  degree  of  heat,  and  as  it  coniifts  only  of 
acid  and  water , it  clearly  follows,  that  its  fuperior  dilatability 
muf  be  owing  to  the  acid  part ; and  hence,  the  more  acid  is 
contained  in  a given  quantity  of  fpirit  of  nitre,  the  greater  is 
its  dilatability.  We  might  therefore  fuppofe,  that  the  dilata- 
tion of  fpirit  of  nitre  was  intermediate  betwixt  that  ot  the 
quantity  of  water  it  contains  and  that  of  its  quantity  of  acid  ; 
buL  there  exifts  another  power  alfo  which  prevents  tfrisfmple 
refultj  namely the  mutual  attraction  of  the  acid  and  water  to 
each  other, ^ which  makes  them  occupy  a lefs,  fpace  than  the 
luin  of  their  joint  volumes,  which  condenfation  1 have  there- 
*ore  ca^ed  their  accrued  denfty.  Taking  this  into'  the  account, 

% 
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we  may  confider  the  dilatation  of  Jpirit  of  nitre  as  equal  to  thofe 
of  the  quantities  of  water  and  acid  it  contains  minus  the  condenfa - 
tion  they  acquire  from  their  mutual  attraction , and  this  rule  holds 
as  to  all  other  heterogeneous  compounds . 

To  find  the  qualities  of  acid  and  water  in  fpirit  of  nitre, 
whofe  fpecific  gravity  was  found  in  degrees  of  temperature  dif- 
ferent from  thole  for  which  the  table  was  conffructed,  viz.  54. 
55,  or  56^  of  FAHRENHEIT,  the  furefi:  method  is  to  find  how 
much  that  fpirit  of  nitre  is  expanded  or  condenfed  by  a greater  or 
lefler  degree  of  heat,  and  then,  by  the  rule  of  proportion,  find 
what  its  denlity  would  be  at  550;  but  if  this  cannot  be  dene, 
we  fliall  approach  pretty  near  the  truth,  if  we  allow  for 
every  150  of  heat  above  or  below  550  of  Fahrenheit,  when 
the  fpecific  gravity  of  fpirit  is  between  1,400  and  1,500;  and 
-t-c'W  when  the  fpecific  gravity  is  between  1,400  and  1,300. 

As  to  oil  and  fpirit  of  vitriol  I found  the  dilatations 
exceeding  irregular,  probably  by  reafon  of  a white  foreign 
matter,  which  is  more  or  lefs  fufpended  or  diflolved  in  it, 
according  to  its  greater  or  lefler  dilution.  This  matter  I would 
not  feparate,  as  I intended  trying  the  denfity  of  this  fubftance 
in  the  ftate  in  which  it  is  commonly  ufed.  In  general  I found, 
that  1 50  of  heat  caufe  a difference  of  about  in  its  fpecific 
gravity  when  it  exceeds  1,800  ; and  of  when  its  fpecific 
gravity  is  between  1 , 400  and  1 ,300,  its  dilatation  is  greater  than 
that  of  water,  and  fo  much  greater  as  it  is  ftronger. 

The  dilatations  of  fpirit  of  fait  are  very  nearly  proportional 
to  the  degrees  of  heat,  as  appears  by  the  following  table* 


1 88  Continuation  of  the  Experiments  and  Obfervations 


Dig. 

r 33 

I 54 
1 66 

I128 


Sp.  gravity. 

1,1916 

I,l86o 

1,1820 

1,1631 


Hence  Should  be  added  or  fubtracled  for  every  210 

above  or  below  550  in  order  to  reduce  it  to  550,  the  degree  for 
which  its  proportion  of  acid  and  water  was  calculated.  The 
dilatability  of  this  acid  is  much  greater  than  that  of  water, 
and  even  than  that  of  the  nitrous  acid  of  the  fame  denfity. 

I now  proceed  to  examine  the  quantity  of  pure  acids  taken 
tip  at  the  point  of  faturation  by  the  various  fubfbmces  they 
unite  with. 


OF  THE  MINERAL  ALKALI 

That  which  I made  ufe  of  was  procured  from  Mr.  turner, 
who  by  a peculiar  and  ingenious  procefs  extracts  it  in  the 
greateld  purity  form  common  fait. 

Of  th  is  alkali  I rendered  a portion  tolerably  cauftic  in  the 
ufual  manner,  and  evaporating  1 oz.  of  the  cauftic  folution 
to  perfebt  drynefs,  I found  it  to  contain  20,25  gr*  of  lolid 
matter.  I was  allured,  that  the  watery  part  alone  exhaled 
during  the  evaporation,  as  the  quantity  of  fixed  air  contained 
in  it  was  very  fmall,  and  to  dillipate  this  a much  greater  heat 
would  be  requifite  than  that  which  I ufed.  This  dry  alkali  I 
immediately  diflblved  in  twice  its  weight  of  water,  and  fatu- 
rating  it  with  dilute  vitriolic  acid,  found  it  to  contain  2,2  c 
gr.  of  fixed  air,  that  being  the  weight  which  the  faturated  fo- 
lution 
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lution  wanted  of  being  equal  to  the  joint  weights  of  the  water, 
alkali,  and  fpirit  of  vitriol  employed. 

The  quantity  of  mere  vitriolic  acid  neceflary  to  faturate 
100  gr.  of  pure  mineral  alkali  I found  to  be  60  or  61  gr.  the 
faturated  folution,  thus  formed,  being  evaporated  to  perfed 
drynefs  weighed  36,5  gr. ; but  of  this  weight  only  28,38  were 
alkali  and  acid,  therefore  the  remainder,  that  is,  8,12  gr.  were 
water.  Hence,  100  gr.  of  Glauber’s  fait,  perfedly  dried, 
contain  29,12  of  mere  vitriolic  acid,  48,6  of  mere  alkali, 
and  22,28  of  water;  but  Glauber’s  fait  cryftallized  contains 
a much  larger  proportion  of  water;  for  100  gr.  of  thefe  cry- 
ftals  being  heated  red-hot  loft  55  gr.  of  their  weight.  This 
lofs  I fuppofe  to  arife  merely  from  the  evaporation  of  the  wa- 
tery part,  and  the  remaining  45  contained  alkali,,  water,  and 
acid,  in  the  fame  proportion  as  the  100  gr.  of  Glauber’s  fait,, 
perfectly  dried,  abovemen tioned  ; then  thefe  45  contained  13,19 
gr.  of  vitriolic  acid,  21,87  of  fixed  alkali,  and  9,94  of  water; 
confequently  100  gr.  of  cryftallized'  Glauber’s  fait  contain 
13,19  of  vitriolic  acid,  21,87  of  alkali,  311^64,94  of  water. 

I alfo  faturated  this  alkali  with  the  dephlogifticated  nitrous 
acid,  and  found  that  100  gr.  of  the  alkali  took  up  57  of  the 
mere  nitrous  acid  in  the  experiment  I moft  depended  on  ; but 
this  quantity  varied  in;  fome  experiments  a few  grains,  being 
fometimes  60,  and  fometimes  63  gr.  ; fo  that  1 conclude  the 
proportion  of  this  acid,  taken  up  by  the  alkali,  is  nearly  the 
fame  as  that  of  the  vitriolic  acid.  Suppoling  this  quantity  to 
be  57  gr.  then  100  gr.  Cubic  nitre,  perfedly  dry,  contain  30 
of  acid,  52,18  of  alkali,  and  17,82  of  water;  but.  Cubic  nitre 
cryftallized  contains  fomething  more  water;  for  100  gr.  of 
thefe  cryftals  lole  about  4 by  gentle  drying;  therefore  too  gr. 
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of  the  cryftallized  fait  contain  28,8  of  acid,  50,09  of  alkali, 
and  2 1, 1 1 of  water. 

Or  mere  marine  acid,  100  gr.  of  this  alkali  required  from  63 
to  66  or  l j gr. ; perhaps  one  reafon  of  this  variery  is,  that  it  is 
exceeding  hard  to  hit  the  true  point  of  faturation.  Allowing  it 
to  be  06  gr.  then  100  gr..  of  perfectly  dry  common  fait  contain 
iieaily  55  of  real  acid,  C3  of  alkali,  and  15  of  water;  but 
100  gr.  ot  the  cryftallized  ialt  lofe  5 by  evaporation  ; then  100 
gr.  of  thefe  cryftals  contain  53,3  of  acid,  50  of  alkali,  and 
16,7  of  water. 

^ he  proportion  of  fixed  air,  alkali,  and  water,  in  cryftal- 
lizec  mineral  alkali,  I mvefligated  thus : 200  gr.  of  thefe  cry- 
flals  were  diffolved  in  240  of  water  ; the  folution  wasfaturated 
by  fuch  a quantity  of  fpirit  of  nitre  as  contained  40  of  mere 
-nitrous  acid.;  hence  I inferred,  that  thefe  200  gr.  of  alkali 
contained  70  of  real  alkali.  The  faturate  folution  weighed 
40  gr.  lefs  than  the  fum  of  its  original  weight,  and  that  of  the 
fpirit  of  nitre  added  to  it;  therefore  it  loft  40  gr.  of  fixed  air. 
1 he  remainder,  therefore,  of  the  original  weight  of  the  cry- 
ftals muft  have  been  water,  that  is,  90  gr. ; confequently  100 

gr.  of  thefe  cryftals  contained  35  of  alkali,  20  of  fixed  air, 
and  45  of  water. 

Ihis  proportion  is,  particularly  with  regard  to  the  alkali, 
veiy  different  fiom  that  found  by  Mr.  bergman  and  Lavoi- 
sier, which  I impute  to  their  having  ufed  foda  recently  cry- 
ftallized.  Mine  had  been  made  fome  months,  and  probably 
loft  much  water  and  fixed  air  by  evaporation,  which  altered 
(the  pioportion  of  the  whole.  According  to  the  calculation  of 
thele  philolophers  100  gr.  of  this  alkali  takes  up  80  of  fixed 
air. 
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The  fpecific  gravity  of  the  cryhallized.  mineral  alkali; 
weighed  in  aether  1 found  to  be  1 ,42 1 . 


OF  THE  VOLATILE  ALKALI. 

It  is  not  pofiible  by  the  old  chymical  methods  to  find  the 
proportion  of  the  ingredients  in  volatile  alkalies,  whether  in  a 
liquid  or  in  a concrete  hate;  feeing  that,  though  it  may  be 
Separated  from  fixed  air,  yet  it  cannot  from  water,  on  account 
of  its  extreme  volatility.  Then  to  find  this  proportion  we  muh 
recur  to  the  experiments  of  Dr.  Priestley,  who  by  his  new  ana- 
lyfis  produced  this  alkali  free  from  the  aerial  acid  and  water  in 
the  form  of  air:  and  in  the  third  volume  of  his  Obfervations, 
p 294..  informs  us*,  that  ia  meafures  of  alkaline  air  take  up, 
and  are  fat u rated  by,  1 meafure  of  fixed  air.  Let  us  luppofe 
the  meafure  to  contain  ion  cubic  inches;  then  185  cubic 
inches  of  alkaline  air  take  up  iqo  of  fixed  air;  but  185  cubic 
inches  of  alkaline  air  weigh,  at  a medium,  42,55  gr. ; and 
100  cubic  inches  of  fixed  air  weigh  57  gr. ; then  100  gr.  of 
pure  volatile  alkali,  free  from  water,  take  up  134  of  fixed  air. 

On  expelling  its  aerial  acid  from  a parcel  of  this  alkali  in  a 
concrete  hate,  and  formed  by  fublimation,  I found  100  gr.  of 
it  to  contain  53  of  fixed  air,  and  therefore,  according  to  the 
preceding  reafoning,  39,47  of  real  alkali  and  7,53  of  water 
per  cent* 

Saturating  a folution  of  this  alkali  with  the  vitriolic,  nitrous, 
and  marine  acids,  I found,  that  100  gr.  of  the  mere  alkali 
take  up  106  of  mere  vitriolic  acid,  115  of  the  nitrous,  and 
130  of  the.marine* 
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The  fpecifk  gravity  of  the  concrete  volatile  alkali  weighed  in 
aether  was  1,4076. 

The  proportion  of  water  in  the  different  ammoniacal  lalts  I 
have  not  been  able  to  find,  on  account  of  their  volatility  ; but 
believe  it  to  be  very  fmall,  as  volatile  alkali  and  fixed  air  cryftal- 
lize  without  the  help  of  water,  when  both  are  in  an  aerial  ftate. 


OF  CALCAREOUS  EARTH. 

, f • •'>  'Pl  ' ' lUV*  ■'  ’ . > 

* : k J L } 

1 firft  di halved  this  earth  in  the  nitrous  acid,  and  found  that, 
after  allowing  for  the  lofs  of  fixed  air  and  the  quantity  of  wa- 
ter I formerly  mentioned,  100  gr.  of  the  pure  earth  take  up 
104  of  mere  nitrous  acid.  In  head  of  diffolving  this  earth  im- 
mediately in  the  vitriolic  acid,  I* precipitated  its  folution  in  the 
nitrous  hy  the  gradual  addition  of-  the  vitriolic,  and  found 
that  to  effect  this  91  or  92  gr.  only  of  mere  vitriolic  acid  were 

• • jO  , 1.  jl  ■ ' • 

required.  . , 

100  gr.  of  this  pure  earth  demand  for  their  folution  1 1 2 of 

mere  marine  acid.  The  folution,  which  is  at  firft  colofirlefs,  grows 
greenilh  on  Handing.  Natural  Gypfum  varies  in  its  proportion 
of  acid,  earth,  and  water,  100  gr.'-of  it  containing  from  32 
to  34  of  acid,  and  alfo  of  earth,  and  from  26  to  32  of  water. 
The  artificial  contains  32  of  earth,  29,44  of  acid,  and  38,36 
of  water;  when  well  dried  it  lofes  about  24  of 'Water,  and 
therefore  contains  42  of  earth,  39  of  acid,  and  1 9 ot  water 
per  cent . 

100  gr.  nitrous  felenlte , carefully  dried,  contain  33,28  of 

acid,  32  of  earth,  and  34,72  of  water. 

100  gr.  marine  felenite , well  dried,  io  as  to  lofe  no  part  of 

the  acid,  contain  4 2,56  of  acid,  38  of  earth,  and  19,44  of 


water. 
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OF  MAGNESIA  OR  MURIATIC  EARTH. 

This  earth,  perfectly  dry  and  free  from  fixed  air,  eould  not 
be  diffolved  iri  any  of  the  acids  without  heat.  In  the  tem- 
perature of  the  atmofphere  even  the  flrongefl  nitrous  acid  did 
not  act  upon  it  in  twenty- foil r hours;  belt  in  a heat  of  i8o° 
thefe  acids  diluted  with  four  or  fix  times  their  quantity  of 
water  attacked  it  very  fenfibly ; but  as  much  of  the  acids  is 
diflipated  by  heat*  I could  not  judge  of  the  exabl  quantity  of 
acid  requifite  to  diflblve  a given  quantity  of  it,  any  others 
wife  than  by  precipitating  the  folutions  by  another  fiibftance* 
whofe  capacity  for  taking  up  acids  was  known.  The  fub- 
fiance  I ufed  was  a tolerably  cauftie  vegetable  alkali;  By  this 
method  I found,  that  ioo  gr.  of  pure  magnefia  take  up  125  gr. 
of  mere  vitriolic  acid,  132  of  the  nitrous,  and  140  of  the 
marine.  None  of  thefe  folutions  reddened  vegetable  blues  ; 
all  of  then!  appeared  to  contain  fomething  gelatinous  ; that  in 
the  marine  acid  became  gfeenifh  011  {landing  fo'r  fome  time. 

1 00  gr.  of  perfectly  dry  Epfom  fait  contain  45,67  of  mere 
vitriolic  acid,  36,-54  of  pure  earth,  and  1 7,83  of  water ; but 
100  gr.  of  cryflallized  Epfom  lofe  48  by  drying,  and  con fe- 
quently  contain  23,75  of  acid,  19  of  earth,  and  57,25  of 
water.  Common  Epfom  fait  contains  art  excefs  of  acid,-  fol- 
ks folutiort  reddens  vegetable  blues. 

100  gr.  of  nitrous  Epfom,  well  dried,  contain  35,64  of 
acid,  27  of  pure  earth,  and  37,36  of  water. 

The  folufion  of  marine  Epfom  cannot  be  tolerably  dried 
Without  lofing  much  of  its  acid,  together  with  the  water. 

The  fpecific  gravity  of  pure  muriatic  earth  is  2,3296. 
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OF  EARTH  OF  ALLUM  OR  ARGILLACEOUS  EARTH. 

This  earth  I found  to  contain  about  26  per  cent,  of  fixed  air, 
though  1 had  previoufly  kept  it  red-hot  for  half  an  hour  : this 
furprifed  me  much,  as  mold  writers  fay  it  contains  fcarce  any. 
It  dftlolved  in  acids  with  a moderate  effervefcence  until  the  heat 
was  railed  to  220°,  after  which  I found  the  folution  lighter 
than  the  quantities  employed  in  the  proportion  1 mentioned. 

100  gr.  of  this  earth  (exclusive  of  the  fixed  air)  require  133 
of  the  mere  vitriolic  acid  to  didolve  them.  This  folution  I 
made  in  a very  dilute  l'pirit  of  vitriol,  whofe  fpecific  gravity 
was  1,093,  which  the  proportion  of  acid  to  that  of  water 
was  nearly  as  1 tom  4.  This  folution  contained  a flight  excefs 
of  acid,  turning  vegetable  blues  into  a brown ilh  red  ; but  it 
cryflallized  when  cold,  and  the  cryftals  were  of  the  form  of 
allum ; fo  that  I believe  this  to  be  nearly  the  proper  proportion- 
of  its  acid  and  eartli ; but  there  was  not  water  enough  to  form 
large  cryftals.  As  this  folution  contained  an  excefs  of  acid,  I 
added  more  earth  to  it,  but  could  not  prevent  its  tinging  blue 
paper  red,  until  it  formed  an  infoluble  fait,  that  is,  one  that  re- 
quired an  exceeding  large  quantity  of  w'ater  to  dilfolve  it,,  and' 
while  part  was  thus  become  infoluble,  yet  another  part  would 
ftill  retain  an  excefs  of  acid  ; fo  that  at  the  fame  time  part  would, 
be  fuperfaturated  with  earth,  and  another  with  acid,  if  tinging- 
vegetable  blues  be  a mark  of  an  excefs  of  acidity,  which  in- 
deed in  this- cafe  feems  dubious. 

ico  gr.  of  Allum,  perfectly  dried,  contain  42,74  of  acid*. 
32,14  of  earth-,  and  25,02  of  water;  but  cryftallized  allum 
lofes  44  per  cent  by  defecation  ; therefore  100  gr.  of  it  contain' 
23,94  acid,  18  of  earth,,  and  58,06  of.  water. 

. . h 
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rco  gr.  of  this  pure  earth  take  up  as  far  as  I can  judge  1 5 3 of 
the  mere  nitrous  acid.  The  folution  fiill  reddened  vegetable 
blues ; but  after  the  addition  of  this  quantity  of  pure  earth,  I 
think  it  was,  that  an  infoluble  fait  came  to  he  formed.  The 
folution,  when  cold,  grew  turbid,  and  could  not  be  wholly 
diflolved  by  500  times  its  weight  of  water. 

The  fame  quantity  of  pure  earth  requires  1 y q, 45  of  the 
mere  marine  acid  for  its  folution  ; but  the  folution  fiill  red' 
dens  vegetable  blues.  After  this  an  infoluble  fait  was  formed  ; 
but  the  beginning  of  its  formation  is  difficultly  difcovered  both 
in  this  and  in  the  former  cafes. 

The  fpecitic  gravity  of  argillaceous  earth,  containing  25 
per  cent,  of  fixed  air,  I found  to  be  1,9901. 

OF  PHLOGISTON. 

Before  I proceed  to  inveftigate  Its  proportion  in  various  com' 
pounds,  and  particularly  in  phlogifiicated  acids,  it  will  be  ne- 
ceflary  to  laylomething  of  its  nature. 

It  is  allowed  on  all  hands,  that  fixed  air,  or  the  Aerial  Acid, 
as  it  is  more  properly  called,  is  capable  of  exifting  in  two 
Bates ; the  one  fixed,  concrete,  and  unelaflic,  as  when  it  is 
actually  combined  with  calcareous  earth,  alkalies,  or  magnolia ; 
the  other,  fluid,  elafiic,  and  aeriform,  as  when  it  is  actually 
difen  gaged  from  all  combination.  I11  its  concrete  and  un  elafiic 
ftate  it  can  never  be  produced  fiiiglc  and  difengaged  from  other 
fubfiances ; for  the  moment  it  is  feparated  from  them,  it 
afiumes  its  aerial  and  elafiic  form.  The  fame  thing  may  be 
laid  of  phlogifion  : it  can  never  be  produced  in  a concrete  fate, 
lingle  and  uncombined  with  other  fubfiances ; for  the  inftant  it 
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is  difengaged  from  them,  it  appears  in  a fluid  and  elaflic  form, 
and  is  then  commonly  called  inflammable  air.  Thefe  different 
ftates  of  the  fame  fubftance  arife,  according  to  the  immortal 
difcoveries  of  Dr.  black,  from  the  different  portions  of  ele- 
mentary fire  contained  in  fuch  fubftance,  aad  ablorbed  by  it, 
whilft  its  fenfible  heat  remains  the  fame,  and  hence  called  its 
Jpecific fire.  For  want  of  attention  to  thefe  different  ftates,  the 
very  exiftence  of  phlogifton  as  a diftindl  principle  has  been 
frequently  called  in  queftion,,  and  chemifts  have  been  required 
to  exhibit  it  feparate  in  its  fixed  ftate,  without  recollecting, 
that  neither  can  fixed  air  be  fhewn  feparate  in  a concrete  ftate, 
nor  that  phlogifton  may  alfo  be  in  the  fame  predicament ; while 
others  have  totally  miftaken  the  nature  of  inflammable  air, 
and  imagined  it  to  be  a combination  of  acid  and  phlogifton. 
The  reafon  why  fixed  air  cannot  be  feparated  from  any  fub- 
ftance in  a concrete  ftate  is,  beca ufe  when  it  is  feparated,  for 
inftance  by  means  of  an  acid,  there  is  qjways  a double  decom- 
pofition,  the  acid  yielding  its  fpecific  quantity  of  fire  to  the 
concrete  fixed  air,  which  then-  aflumes  an  aerial  form,  while, 
the  fixed,  air  yields  the  fubftance  k was  combined  with  to  the 
acid.  This  is  lo  true,  that  though  a foliation  of  lime  in  the 
nitrous  acid  yields  a conliderable  quantity  of  heat,  yet  a folu- 
tion  of  chalk  in  that  acid  fcarcely  yields  any;  for  all  the  fire 
that  is  let  loofe,  and  rendered  fenfible  in  the  firft  cafe,  is  ab- 
forbed  by  the  fixed  air  in  the  fecond  cafe,  being  precilely  that 
which  converts  it  into  an  aerial  form.  The  feparation  of  phlo- 
gifton from  a metallic  earth  in  the  form  of  inflammable  air 
arifes  from  the  fame  caufe,  the  diflolving  acid  yielding  its  fire 
to  the  phlogifton,  which  then  aflumes  an  aerial  form,  while 
the  phlogifton  yields  the  metallic  earth  to  the  acid.  It  is  true, 
that  much  fenfible  heat  is  produced  on  this  occafion,  for  which 
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three  fubftantial  reafons  may  be  afiigned ; firft,  the  proportion* 
of  fixed  air  in  a given  weight  of  crude  calcareous  earth,  is 
much  greater  than  that  of  phlogifton  in  any  metal,  as  will 
hereafter  be  {hewn,,  it  being  in  the  former  one- third  of  the 
whole,  and  that  of  phlogifton  in  the  latter  for  the  mod:  part 
not  even  one-fixtho  Secondly,  much  of  the  phlogifton  com- 
bines with  the  acid  itfelf  during  the  dilution,  and  expels  part 
of  its  fpecihc  quantity  of  fire, , as  Dr.  crawford  has  fhewn, . 
and  as  1 have  lince  experienced  ; and  this  fire lnuft  occafion  feu- 
ftble  heat.  Thirdly,  much  of  the  phlogifton,  during  folution, . 
unites  to  the  furrounding  atmofphere,  expelling  alio  part  of 
its  fpecific  fire,  and  this  alfo  muft  occafion  .feniible  heat ; and : 
hence  it  is,  that  metallic  folutions  in  vacuo  are  generally,  at- - 
tended  with  lels  heat,  though  with  a more  violent  effervefcence 
than , in  open  air.  The  folution  of  metallic  calces  is  not  : 
attended  with  as  much  heat  as  that  of  their  refpebtive  metals, , 
not  only  becaufe  neither  the  diflolving  acids  -nor  the,  furrouiid- 
ing  air  is  much  phlogifticated  ; ■ but  alfo  becaufe  they  contain- 
an  elaftic  fluid  in  a concrete  ftate,  which  abforbs-much  of  the- 
fire  given  out  by  the  difiblving  acids,  as  it  acquires  an  aerial . 
ftate. 

The  origin  and  formation  of  inflammable  air  being  thus 
explained,  I now  proceed  to  fhew  its  identity  and  homoge- 
neity with  phlogifton. . By  phlogifton  is  generally  underftood 
that  principle  in  combuftible  bodies  on  which  their  inflamma- 
bility principally  depends ; that  principle  to  which  metals  owe 
their  malleability  and  fplendor ; that  which  combined  with ; 
vitriolic  acid  forms  fulphur ; that  which  diminifhes  refpirable 
air.  Now  inflammable  air  is  that  very  principle  which  alone 
is  truly  inflammable,  as  Mr.  volta  has  elegantly  fhewn.  In  < 
efFeft,  combuftible  fubftances  are  either  animal  or  vegetable. 
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as  horns,  hair,  greafe,  wood,  &c.  5 from  all  of  which  Dr. 
HALES  has  extrafted  inflammable  air  ; or  charcoal,  from  which 
Mr.  Fontana  has  extracted  it,  as  did  Dr.  priestley  from 
refins,  fpirit  of  wine,  and  aether,  in  all  which  it  is  the  only 
principle  that  is  inflammable,  and  they  are  inflammable  only 
.in  proportion  as  they  yield  it ; or  phofphorus,  from  whofe  acid 
Dr.  priestley  has  obtained  this  air  by  means  of  minium,  for 
it  was  the  acid,  and  not  the  minium,  that  contained  it,  as  Dr. 
priestley  rightly  conjectured,  the  acid  obtained  by  deliquel- 
cence  being  never  thoroughly  dephlogifticated  until  heated  and 
vitrified,  as  Mr.  margraaf  has  fhewn  ; or  they  are  mineral 
fubftances,  as  fulphur,  from  which  inflammable  air  has  been 
feparated  by  means  of  fixed  alkalies,  and,  according  to  Dr, 
priestley,  alfo  by  means  of  marine  air,  or  bitumens  or  bitu- 
minous fubftances,  all  of  which  may  be  made  to  yield  it ; or 
metallic  fubftances,  as  zinc  and  regulus  of  arfenic,  both  of 
which  are  inflammable ; but  neither  of  them  is  fo  when  de- 
prived of  its  inflammable  air  : this  is,  therefore,  the  true  and 
only  principle  of  inflammability  in  any  fubflance.  I acknowledge 
that  the  inflammable  air,  proceeding  from  almoft  all  thefe  fab* 
fiances,  is  exceeding  impure;  that  it  contains  from  fome  a 
mixture  of  aerial  acid  or  of  oil,  and  from  all  fome  part  of  the 
fubftance  which  yields  it  or  expels  it,  and  hence  its  lmell  is 
different,  according  to  the  clafs  of  the  fubftances  from  which 
it  is  ext  rafted ; but  it  is  equally  true,  that  none  of  thefe  fub- 
ftances contribute  to  its  inflammability  ; on  the  contrary,  it  is 
fo  much  the  lefs  inflammable  (that  is,  requires  fo  much  more  air 
to  be  mixed  with  it  before  it  flames)  as  it  contains  more  of  thefe 
heterogeneous  fubftances.  Hence  inflammable  air  of  the  mo- 

raft'cs  is  never  totally  confumed  * ; and,  on  the  contrary, 

* 
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inflammable  air,  from  metals  which  is  the  pureft  of  all,  is 
alio  the  molt  inflammable. 

Secondly,  Inflammable  air  is  alfo  the  principle  which  reduces 
metallic  earths  to  a metallic  {late,  and  gives  them  their  metal- 
lic fplendor.  This  has  been  proved  analytically  and  fyntheti- 
cally,  and  therefore  may  be  laid  to  be  as  completely  demon- 
ftrated  as  any  thing  in  natural  philofophy : thus  Dr.  priest- 
ley  has  extracted  inflammable  air  from  iron  and  zinc  by  heat 
alone ; and  the  iron,  thus  {tripped  of  its  phlogifton,  loft  its 
fplendor,  and  was  of  a black  colour,  which  is  that  which  iron, 
{lightly  dephlogifticated,  always  afl'umes,  as  appears  by  martial 
athiops:  fo  alfo  zinc  and  regulus  of  arlenic,  when  once  in- 
flamed, lofe  their  metallic  appearance  : fo  alfo  a mixture  of 
lead  and  tin  inflames  in  a moderate  heat,  and  then  both  are 
converted  into  a calx  deftitute  of  fplendor  and  malleability. 
On  the  other  hand,  if  a current  of  inflammable  air,  in  the  abt  of 
combuftion,  be  direbted  on  the  calces  of  iron,  lead,  or  mercury, 
they  are  immediately  revived  and  reftored  to  their  metallic 
form,  as  appears  by  the  experiment  of  Mr.  chaussier  *.  The 
following  experiment  is  {fill  more  conclufive  : if  a polifhed 
plate  of  iron  be  put  into  a faturate  and  dilute  folution  of  copper 
in  the  vitriolic  or  marine  acids  (I  mention  thefe  becaufe  they 
are  commonly  ufed  for  the  produ&ion  of  inflammable  air, 
though  the  refult  is  the  lame  when  other  acids  are  ufed),  no 
effervefcence  will  arife,  no- inflammable  air  will  be  caught ; but 
the  iron  will  be  diflolved,  and  the  copper  precipitated  in  its 
metallic  form.  Here  inflammable  air  muft  be  produced  as 
ufual,  for  the  acid  quits  the  copper  and.diflolves  the  iron  ; but 
"\  this  inflammable  air  inftantly  lofes  its  aerial  form,  and  unites- 
to  the  copper,  juft  as  fixed  air  leaves  alkalies  to  unite  to  lime 

* 10  Roz.  313. 
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without  any  eftervefcence ; and  by  this  fame  inflammable  air 
is  the  copper  evidently  reduced,  acquiring  fplendor,  malleabi- 
lity, and  every  other  metallic  property.  But  if  the  folution 
o'f  copper  be  not  faturated  with  copper,  a fmall  quantity  of 
inflammable  air  may  be  caught,  as  the  excefs  of  acid  will  dif- 
engage  more  of  :it  from  the  iron  than  the  calx  of  copper  can 
take  up.  Inflammable  air  , is  then  the  principle  that  metallizes 
metallic  earth.;  and  if  .metals  . contain  only  a fpecific  earth  and 
phlogifton,  inflammable  air  certainly  contains  nothing  eife  but 
phlogifton.  If  iron  and  the  arfenical  acid  be^digefted  together, 
no  inflammable  air  is  produced  ; but  the  arfenical  acid  is,  in 
great  mealure,  converted  into  white  arfeuic,  as  Mr.  b&rg- 
man  .has  obferved,  and  alfo  Mr.  scheele*  ; what  reafon  can 
be  afligned  why  inflammable  air  is  not  produced  by  this  as  Well 
as  by  all  other  acids  ^ but  that  this  metallic  acid  received  it, 
and  was  by  it  reduced  to  a femi-metallic  form,  as  by  pure  phlo- 
gifton  ? Yet  this  acid  produces  inflammable  air,  from  zinc  be- 
caufe  zinc  gives  out  more  phlogifton  than  the  regulus  of  arfe- 
nic  can  take  up  ; but  it  attra&s  and  is  metallized  by  a part  of  it, 
and  it  is  only  the  excefs  that  appears  in  the  form  of  inflammable 
air,  as  Mr.  scheele  has  remarked.  This  inflammable  air,  indeed, 
is  not  pure,  for  it  holds  fome  of  the  regulus  in  folution  ; but 
this  portion  of  regulus  does  not  enter  into  its  compofition,  as 
is  very  evident. 

Thirdly,  Inflammable  air  is  the  fubftance  which,  with  vitri- 
olic acid,  forms  fulphur,  for  it  is  the  very  fubftance  which  the 
vitriolic  acid  feparates  from  metals  ; and  this  fubftance,  lo  fepa- 
rated,  when  in  fufficient  quantity,  and  in  proper  circumftances, 
unites  to  it  in  fiich  proportion  as  to  form  common  lulphur. 
Thus  fulphur  is  formed  by  diddling  concentrated  vitriolic  acid 
* 2 Nov.  A tt.  Upfal.  p.  310.  Kw,  Veten.  Accad.  Handlingar,  vol.  36.  p.  28S. 
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with  iron  or  bifmuth,  or  by  diftilling  tartar  vitriolate  with 
reguius  of  antimony.  It  is  this  alfo  that  diminiffies  refpirablc 
air,  as  Dr.  triestley  has  clearly  (hewn  in  the  5th  vol.  of  his 
Obfervations,  p.  84. ; for  though  in  its  complete  aerial  Hate, 
after  it  has  ablorbed  that  large  quantity  of  fire  requifite  to  its 
aerial  form,  it  difficultly  and  (lowly  unites  to  refpirable  air  in 
the  heat  of  the  atmofphere,  their  points  of  contact  through 
their  difference  of  denlity  being  very  {mail,  and  there  being 
no  fubftance  at  hand  to  receive  the  large  portion  of  elementary 
fire  they  both  contain,  and  of  which  they  muff  lofe  a large 
proportion  before  they  can  combine  together  ; yet  while  in- 
flammable air  is  (as  Dr.  Priestley  elegantly  exprefles  it)  in 
its  nafcent  Hate,  before  it  acquires  its  whole  quantity  of  fpe- 
cific fire,  refpirable  air  eafily  unites  to  it,  and  is  diminiffied  in 
proportion  to  its  purity;  but  if  to  a mixture  of'  both,  igneous 
particles  of  fufficient  denfity  to  be  vifible  be  introduced,  a de- 
gree of  heat  is  excited,  which,  as  it  rarifies  the  dephlogifficated 
part  of  refpirable  air  to  a greater  degree  than  it  can  inflammable 
air  *,  brings  both  into  nearer  contact,  increafes  their  attra&ion 
to  each  other,  and  both  uniting  give  out  their  fire,  or  in  other 
words  inflame , when  in  proper  proportion  to  each  other,  with- 
out any  decompofition  of  either,  unlefs  the  lofs  of  a great 
part  of  their  fpecific  fire  be  called  a decompofition,  which  lofs 
is  not  u finally  called  a decompofition  ; for  water  is  never  faid 
to  be  decompofed  when  it  becomes  ice,  nor  metals  when  they 
become  folid  on  cooling. 

In  anfiwer  to  all  this  it  will  be  faid,  that  inflammable  air  un- 
doubtedly contains  phlogifton,  which  produces  all  the  before- 
mentioned  -effects ; but  that  the  phlogifton  it  contains  is  united 
to  fiome  other  fiubftance,  which  fome  will  have  to  be  an  acid, 

^ 5 PR  IEST.  359. 
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fome  an  earth,  and  others  refpirable  air.  To  thefe  hypotheses 
1 thall  oppofe  one  general  obfervation,  which  is,  that  fince  in- 
flammable air,  when  pure,  that  is,  when  di fen  gaged  from  all 

heterogeneous  fubftances  which  no  way  contribute  to  its  inflam- 
es 

inability,  has  always  the  fame  properties  ; it  muft,  if  it  con^ 
fills  of  phlogiflon  combined  with  any  other  fubftance,  be 
always  united  to  the  fame  fpecific  fubftance  ; that  is,  if  this  be 
an  acid,  it  muft  be  always  the  fame  fpecies  of  acid,  or  if  an  earth, 
it  muft  be  always  the  fame  fpecies  of  earth  ; for  we  find,  that 
fubftances,  which  are  only  generic  ally  the  fame,  always  produce, 
with  any  other  given  fubftance,  compounds  whofe  properties 
are  very  different  from  each  other.  Thus  we  fee  that  the  dif- 
ferent fpecies  of  alkalies,  or  earths,  or  metals,  produce  with 
one  and  the  fame  fpecies  of  acid  compounds  effentially  dif- 
ferent. This  is  a rule  which,  as  far  as  I know,  admits  of  no 
exception : and  if  we  apply  it  to  the  abovementioned  fuppofi- 
tions  it  will  intirely  deftroy  them  ; for  it  is  impoffible  to  think, 
that  the  phlogifton  can  in  every  fubftance,  that  produces  inflam- 
mable air,  meet  either  the  fame  acid,  or  earth,  or  any  refpi- 
rable air. 

But  to  be  more  particular,  the  following  reafons  demonftrate 
that  an  acid  of  any  fort  cannot  be  the  bafis  of  inflammable  air. 
i ft.  Inflammable  air  has  been,  by  Dr.  priestley,  feparated 
from  metals  by  mere  heat.  Now  metals  contain  no  acid,  ex- 
cept perhaps  their  dephlogifticated  calx,  which  thofe  eminent 
chemifts,  BERGMAN  and  scheele,  fufpeft  to  be  of  an  acid 
nature ; but  thefe  calces  cannot  enter  into  the  compofition  of 
inflammable  air,  otherwife  the  inflammable  air  of  each  different 
metal  would  have  different  properties,  as  already  fhewn  : nor 
indeed  are  thefe  the  acids  that  have  been  fuppofed  to  enter  into 
the  compofition  of  inflammable  air ; but  rather  thofe  acids  by 
6 whofe 
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tvhofe  means  it  is  extricated.  But  as  this  air  is  extricated  from 

« 

metals,  not  only  by  acids,  but  alio  by  alkalies  this  luppofi- 
tion  muft  vanifh  of  courfe. 

The  fame  reafons  militate  with  equal  ftrength  againft  the 
fuppolition  that  an  earth  of  any  kind  enters  into  the  compofi- 
tion  of  this  air ; nor  is  there  an  inftance  of  any  earth  rendered 
permanently  fluid  by  any  means,  except  in  fparry  air.  Beiides, 
if  it  were  a metallic  earth,  it  muft  necefiarily  be  fuppofed  to 
be  in  a metallic  ftate  ; and  how  then  could  it  efcape  the  aftion 
of  all  kind  of  acids  ? for  no  acid  is  capable  of  decompounding 
inflammable  air.  Laftly,  refpirable  air  cannot  be  faid  to  be  the 
bails  of  inflammable  air,  unlefs  we  fuppofe  that  refpirable  air 
enters  into  the  compoiition  of  metals;  for  Dr.  priestley  has, 
by  folar  heat,  extracted  inflammable  air  from  them  in  a veflel 
full  of  mercury,  into  which  refpirable  air  had  no  accefs,  and 
even  in  vacuo . Befides,  refpirable  air  and  phlogifton  form 
other  compounds  very  different  from  inflammable  air,  niz. 
fixed  and  phlogifticated  airs  as  will  prefently  be  feen. 

It  may  alfo  be  fairly  urged  againft  all  thefe  fuppofltions,  that 
they  are  not  founded  on  any  direft  experiment,  nor  any  known 
analogy,  but  merely  gratuitous,  or  at  leaft  deduced  from  expe- 
riments inadequate  to  their  fupport ; whereas  the  opinion  that 
inflammable  air  is  nothing  elfe  than  phlogifton  thrown  into  a 
fluid  form  by  elementary  fire,  is  direfUy  founded  on  that  expe- 
riment whereby  inflammable  air  is  feparated  from  metals  by 
mere  folar  heat  in  the  moft  perfect  vacuum,  juft  as  fixed  air 
united  to  marble  and  in  a concrete  ftate  (in  which  it  is  nearly 
of  equal  denfity  with  gold)  is  feparated  from  the  marble,  and 
thrown  into  a permanently  fluid  form  by  heat  alone. 

* Mem.  ?ar.  1776,  p.  687. 
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In  favour  of  the  exiAence  of  an  acid  in  inflammable  air,  it 
has  been  Lid,  that  if  this  air  be  pafl'ed  through  water  tinged 
blue  by  litmus,  it  reddens  inflantly.  I have  feen  this  fre- 
quently happen  when  inflammable  air  has  been  exti acted  horn 
iron  by  fpirit  of  vitriol;  but  it  this  air  be  wafhed,  by  palling  it 
through  lime-water,  and  then  pa  fled  through,  or  agitated  in, 
an  infulion  of  litmus,  it  will  not  difcolour  it  in  the  lealt : this  i 
have  feen  done  by  Mr.  fontana  in  June  177Q.  It  has  alio 
been  laid,  that  inflammable  air  and  alkaline  air,  mixed  toge- 
ther, form  a cloud ; but  this  has  been  fully  difproved  by  Dr. 
Priestley,  in  the  fourth  volume  of  his  Obfervations. 

That  an  earth  of  any  kind  is  eflentially  requifite  to  the  con- 
Aitution  of  inflammable  air,  leems  to  me  utterly  improbable ; 
nor  do  I know  of  any  experiment  from  whence  it  can  be  infer- 
red. That  metallic  fubflances  may  be  held  in  folution  by 
inflammable  air  is  certain  ; but  it  is  equally  fo,  that  they  no 
way  contribute  to  its  inflammability*,  and  are  quite  diAinct 

•from  it. 

But  the  opinion,  that  inflammable  air  confiAs  of  refpirable 
air  fu per- 1 at u rated  with  phlogiflon,  is  grounded  on  very  fpecious 
arguments  drawn  from  experiments  to  be  found  in  various 
parts  of  Dr.  Priestley’s  works,  which  delerve  fo  much  the 
more  attention  as  the  fa&s  mentioned  by  that  excellent  philo- 
fopher  are  not  to  be  queflioned.  I fhall  endeavour  to  Aate 
them  with  accuracy ; but  fhall  at  the  lame  time  accompany 
them  with  fuch  remarks  as  feem  to  me  to  invalidate  the  con- 
clufion  that  has  been  drawn  from  them. 

In  the  firft  volume  of  Dr.  Priestley’s  Obfervations  it 
appears,  that  a quantity  of  Arong  inflammable  air,  having 
been  agitated  in  a glafs  jar  immerfed  in  a trough  of  water, 

* Z J'RIESTLEX,  268. 
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the  furface  of  which  was  expofcd  to  the  common  atmofphere, 
jitter  the  operation  had  continued  ten  minutes  near  one-fourth 
of  the  quantity  had  difappeared ; the  remainder  became  fit  for 
refpiration,  and  yet  was  weakly  inflammable.  By  further  agi- 
tation it  was  diminifhed  half,  and  then  admitted  a candle  to 
burn  in  it  though  feebly  ; but,  on  continuing  the  agitation  a 
little  longer,  it  came  to  extinguifh  a candle.  Upon  this  I fhall 
remark,  fird,  that  it  clearly  follows,  from  this  experiment, 
that  if  the  external  refpiral.de  air  had  no  accefs  to  the  infideof 
the  jar,  half  nearly  of  the  inflammable  air  was  converted  into, 
or  confided  of,  refpirablc  air,  fince  fuch  quantity  of  air  was 
found  in  it  after  the  operation.  Now  it  is  abfolutely  impoflible 
that  either  could  happen  ; for  inflammable  air  could  not  be 
converted  into  half  nor  even  one-third  or  one-fourth  of  its 
volume  of  refpirable  air,  as  even  one- fourth  of  refpirable  air  con- 
tains more  matter  than  four  times  its  bulk  of  inflammable  air ; 
it  is  then  evident,  that  the  external  air  mud  have  had  accefs  to 
it..  Secondly,  I agitated  about  half  a pint  of  inflammable  air, 
obtained  from  iron  and  previoufly  palled  through  lime-water 
and  kept  over  mercury,  in  about  twelve  times  its  bulk  of  wa- 
ter, out  of  which  its  air  had  been  boiled  in  a glafs  bottle  clofed 
with  a glafs-Aopper.  The  agitation  continued  at  feveral  times  at 
lead  two  hours.  A large  quantity  of  the  air  was  indeed  abforbed, 
as  appeared  by  opening  the  bottle  in  water  ; but  the  remainder 
appeared,  by  the  nitrous  ted,  as  noxious,  and  was  alio  found 
to  be  as  inflammable  as  at  fird.  Even  Dr.  priestley  atteds, 
that  inflammable  air,  which  had  been  united  to  water  for  one 
month,  was  afterwards  as  inflammable  as  ever.  3 pr.  267. 

The  true  explanation  of  the  fird  experiment  appears,  there- 
fore, to  be  the  following : Fird,  Water  eafily  imbibes  inflam- 
mable air,  but  does  not  combine  with  it ; for  after  it  has  im- 
bibed 
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v,  * • 

• bibed  one- fourteenth  of  it,  its  tade  is  no  way  altered,  as  Dr. 
Priestley  has  obferved.  i pr.  196.  Water  alfo  eafily  im- 
bibes common  air : when,  therefore,  inflammable  air  is  api- 

O 

tated  in  water  having  a communication  with  the  atmofphere, 
-the  inflammable  air  muft  necefiarilv  be  diminished  by  reafon  of 
its  ablorbtion,  and  the  part  fo  abforbed  immediately  efcapes 
out  of  the  water  into  the  atmofphere,  as  is  evident  by  the 
fmell  which  is  perceived  when  the  quantity  of  inflammable  air 
us  conflderable.  This  efcape  gives  room  for  the  further  ab- 
forbtion  of  the  inflammable  air  which  then  efcapes  in  the  fame 
manner.  I11  the  mean  time  the  common  air  under  the  jar  rifeS 
into  it,  as  appears  by  the  dire6t  experiments  both  of  Dr. 
priestley  * and  Mr.  fontana  ; and  hence  the  air  in  the  jar 
muft  appear  by  the  nitrous  flightly  phlogidicated  and  refera- 
ble ; but  a further  agitation  will  decompofe  the  common  air, 
as  we  (hall  foon  fee,  and  then  a candle  will  be  extinguilhed. 
The  fame  procefs  takes  place  when  inflammable  air  (lands  long 
in  water  whofe  furface  is  expofed  to  the  atmofphere. 

Another  experiment  of  the  fame  tendency,  but  feemingly 
more  deciflve,  is  to  be  found  in  the  4th  vol.  of  Dr.  priest- 
ley’s  Obfervations,  p.  368.  There  it  is  related,  that  a por- 
tion of  inflammable  air,  inclofed  in  a glafs  tube,  hermetically 
fealed  and  heated  until  the  glafs  was  foftened,  (lained  the  glafs 
black,  and  the  tube  being  opened,  the  air  was  found  reduced 
to  one-third  of  its  bulk  ; and  this  refiduum  was  found  to  be' 
mere  phlogijlicated  air , neither  precipitating  lime-water,  nor 
being  affected  by  nitrous  air,  or  in  the  lead  inflammable.  Yet 
decifive  as  this  experiment  appears,  a little  confideration  will 
(hew  the  abfolute  impoflibility  that  inflammable  air  (hould  con- 
fid  of  one-third  phlogidicated  air  and  two-thirds  phlogidon  r 

* 1 pr.  96.  159,  3 tr,  156.  Phil.  Tranf.  1779,  p.443. 
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for,  in  the  ifirfl  place,  one  Cubic  inch  of  phlogiflicated  air 
weighs  0,377  a grain  • nGW  let  us  fuppofe,  that  to  this 
phlogiflicated  air  is  added  two- thirds  of  its  bulk  of  phlogiflon ; 
and  to  make  the  fuppofitioii  hill  ftronger,  let  us  alfo  fuppofe, 
that  phlogiflon  has  no  weight ; then,  by  the  fuppofition,  this 
compound  of  phlogiflicated  air  and  phlogiflon  will  conflitute 
inflammable  air,  and  amount  to  a bulk  of  three  Cubic  inches, 
and  thefe  three  Cubic  inches  will  weigh  no  more  than  0,377 
of  a grain  ; but  if  three  Cubic  inches  of  inflammable  air  weigh 
0,377  a Srain>  011e  Cubic  inch  fhould  weigh  0,109  of  a 
grain,  which  cannot  be ; for  then  inflammable  air  would  be 
little  more  than  one-third  lighter  than  common  air,  contrary 
to  all  the  experiments  that  have  been  hitherto  made,  and  par- 
ticularly thofe  of  Mr.  cavendish,  fontana,  and  Dr.  prtest- 
ley  himfelf,  which  fhew  it  to  be  about  eleven  times  lighter 
than  common  air.  Secondly,  It  is  faid,  that  the  matter  which 
flamed  the  glafs  black  was  the  true  phlogiflic  part  of  inflam- 
mable air,  and  was  afterwards  feparated  by  means  of  minium. 
This  then  contained  no  phlogiflicated  air ; but  is  it  not  certain, 
that  if  there  had  been  enough  of  it,  the  minium  would  have 
been  reduced  and  converted  into  lead  ? And  might  not  inflam- 
mable air  be  again  feparated  from  that  lead,  though  no  phlo- 
giflicated or  common  air  were  at  hand  to  fupply  its  other  fup- 
pofed  conflituent  part  ? Thirdly,  In  one  of  Dr.  Priestley’s 
experiments  the  inflammable  air,  contained  in  the  glafs  tube 
which  was  mofl  heated,  was  reduced  to  fo  fmall  a bubble  that 
no  experiment  could  be  made  on  it  : therefore,  in  this,  at  leafl, 
the  quantity  of  phlogiflicated  air  did  not  amount  to  one-third, 
but  was  quite  inconfiderable  ; the  remainder  then  being  taken 
up  by  the  calx  of  lead  in  the  glafs,  was  pure  mere  phlogiflon, 
fo  that  this  experiment  is  a flrong  proof  of  my  opinion. 

Fourthly, 
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Fourthly,  If  phlogifton  could  be  decompofed  by  heat,  and 
then  leave  a refiduum  of  phlogifticated  air,  amounting  to  one- 
third  of  its  bulk,  the  diminution  a riling  from  its  inflammation 
with  common  or  dephlogifticated  air  could  never  be  fo  great  as 
it  is  found  to  be  by  repeated  experiments ; for  when  inflam- 
mable and  common  air  are  flred  in  the  proportion  of  eleven  of 
the  latter  to  four  of  the  former,  a bulk  equal  to  the  whole  of  the 
inflammable  air,  and  to  one-fifth  of  the  common  air,  difap- 
pears,  according  to  Mr.  volta*,  and  the  diminution  is  about 
two-fifths  of  the  whole,  or  more  exadtly  out  of  fifteen  mea- 
fures,  only  8,8  remain  ; but  if  the  inflammable  air  were  decom- 
pofed, and  one-third  of  it,  being  phlogifticated  air,  fhould 
remain,  then  not  quite  one-fifth  of  the  whole  would  vanifh, 
and  the  refiduum  fhould  be  10,54  meafures.  This  evidently 
proves,  that  pure  inflammable  air  is  never  decompofed  (unlefs 
the  lofs  of  its  fire  be  called  a decompofition) ; but  in  the  a£l  of 
inflammation  is  totally  transferred  upon  the  pure  part  of  relpira- 
ble  air  to  which  it  unites.  Fifthly,  To  obtain  ftill  a clearer 
infight  into  this  matter,  I intreated  Mr.  cavallo,  who  is  very 
expert  in  the  management  of  the  blow-pipe,  as  well  as  in  pneu- 
matic experiments,  to  repeat  this  experiment  in  my  laboratory. 
We  accordingly  filled  a tube  10,5  inches  long,  and  one- fourth 
or  an  inch  in  diameter,  with  inflammable  air  from  iron  re- 
ceived over  mercury,  and  having  made  the  tube  red-hot 
tnroughout  and  black,  and  foftened  it  fo  far  as  to  endanger  the 
elcape  of  the  air,  we  opened  it  011  mercury.  The  air  was  di- 
minifhed  only  one-tenth,  and  inflamed  with  an  explofion  as 
loud  as  an  equal  quantity  of  the  fame  inflammable  air  that  had 
not  been  heated. 

■'  Roz.  April  1779,4).  295* 
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. The  only  queftion  that  remains  then  is,  whence  the  phlo- 
gifticated  air  proceeded  which  Dr.  priestley  mentions  to  have 
found  ? The  circumftance  of  his  experiment  would  furnifh  a 
platifible  anfwer ; but  the  dodfcor  has  lately  informed  me,  tliat 
he  believes  the  air  was  really  inflammable,  but  being  a 
fmall  quantity  efcaped  before  the  flame  could  be  applied. 

It  feems,  thetefore,  fufficiently  proved,  that  inflammable 
air  purified  from  the  acids  or  other  fubftances  that  expel  it  from 
its  bafis,  and  alfo  from  all  particles  of  the  body  to  which  it 
was  originally  united,  fuch  as  inflammable  air  from  metals  ie- 
ceived  on  mercury,  and  well  wafhed  in  lime-water,  is  one  and 
the  fame  fubftance  with  phlogifton,  differing  only  in  quantity  of 
fire,  inflammable  air  containing  nearly  the  fame  quantity  of 
this  element  as  the  fame  bulk  of  atmofpheric  air,  as  Dr.  craw- 
ford  has  found  by  fome  late  experiments,  an  account  of  which 
will  foon  be  laid  before  the  public.  This  does  not  contradict 
that  moft  important  difcovery  of  this  ingenious  philofopher, 
that  fire  and  phlogifton  repel  each  other  : the  meaning  of  this 
being  only,  that  the  addition  of  phlogifton  to  any  fubftance, 
as  to  refpirable  air,  dephlogifticated  acids,  metallic  calces,  ex- 
pels part  of  the  fire  already  contained  in  fuch  fubftance  ; andr 
on  the  contrary,  by  the  removal  of  phlogifton  from  any  fub- 
ftance, the  quantity  of  fire  abforbed  by  fuch  fubftance  is 

increafed.  . . 

It  may  appear  extraordinary,  fuppofing  inflammable  air  and 

phlogifton  to  be  the  fame  fubftance,  that  inflammable  air  fhould 
mix  fo  eafily  with  water,  whereas  phlogifton  conftantly  repels 
and  is  repelled  by  it ; but  this  intirely  depends  on  the  ftate  of 
this  fame  fubftance,  which,  when  fixed  and  concrete,  is  called 
fhlogijhn , and,  when  ratified  and  aeriform,  inflammable  air.  In 
this  latter  ftate  it  mixes  with  water  in  proportion  to  its  rare- 
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faction,,  as  it  even  does  in  the  lefs  denfe  forms  of  its  concrete 
ftate  : thus  aether  is  totally  abforbed  by  ten  times  its  weight  of 
water.  The  animal  oil  of  Dippel  mixes  intirely  with  water  * 
fo  does  pure  Petrol,  and  eflential  oils  frequently  diddled,  and 
the  fpiritus  recdor  of  plants.. 

Much  more  remains  to  be  laid  of  the  different  dates  of  phlo- 
gifton  from  its  mod  rarefied  known  date,  viz.  that  of  inflam- 
mable air,  to  its  mod  con  den  fed  date,  that  in  which  it  is  com- 
bined with  metallic  earths,  &c.  I have  already  didinguifhed 
eight  intermediate  dates  each  differing  from  the  other  by  the. 
portion  of  elementary  fire  they  contain,  this  quantity  being,  as 
fa.  ^ diredHy,  as  the  rarefaction  of  the phlogidon  ; but 

thefe  refearches  are  foreign  to  my  prefent  fubjedt.  Ifhall  only 
remark,  that  phlogidon,  in  a date  perhaps  ioo  times  rarer, 
than  inflammable  air,  and  confequently  containing  much  more 
fire,  may  poflibly  conditute  the  eledtric  fluid. 

P.  S.  Since  I wrote  the  above,  I have  been  honoured  with  a 
letter  from  Dr.  priestley,  in  which  he  informs  me,  that  he 
has  reduced  the  calces  of  iron,  copper,  lead,  and  tin,  merely 
by  melting  them  in,  inflammable,  air  by  means  of  a burning 
glafs.  A certain  quantity  of  inflammable  air  was  abforbed  by 
each  during  their  reduction  but  the  unabforbed  part  was 
equally  inflammable,  fo  that  there  was  no  decompofition  ; but 
the  remainder  was  of  the  fame  nature  as  the  part  abforbed.  He 
ailo,  by  the  fame  means,  converted  nitrous  vapour  into  nitrous 
air,  and  the  phofphoric  acid  into  phofphorus.  And  fince  the 
communication  of  the  lad  mentioned  experiments,  which  feern 
to  him  alfo  a direCt  proof  of  the  identity  of  inflammable  air 
and  phlogidon,  lie  has  been  fo  obliging  as  to  inform  me,  that 
he  has  revived  the  calces  of  metals  in  alkaline  air  as  well  as 
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tn  inflammable  air , and  alfo  formed  a phofphorus  ; and  that  he 
has  little  doubt  but  that  he  {hall  be  able  to  produce  any  thing 
elfe  in  which  phlogifton  is  fuppofed  to  be  concerned.  This,  he 
fays,  agrees  with  feveral  of  his  former  experiments,  efpecially 
that  in  which  he  produces  inflammable  air  from  alkaline  air, 
by  means  of  the  ele&ric  fpark  and  volatile  alkali  from  iron, 
fuperfaturated  with  phlogifton  by  means  of  nitrous  air,  which 
he  has  repeatedly  done  fince  the  publication  of  his  lad:  volume. 
This  obfervation,  he  adds,  may  help  to  explain  fome  things  in 
the  theory  of  chemiftry,  efpecially  the  affinity  which  all  acids 
have  both  with  phlogifion  and  with  alkalies ; but,  he  fays,  that 
alkaline  air  contains  fomething  elfe  befides  phlogifton  ; becaufe 
when  this  air  is  ufed,  there  is  always  a refiduum  of  fomething 
that  is  neither  alkaline  nor  inflammable  air ; but  he  wants  more  fun- 
fhine  to  complete  and  extend  his  experiments  on  this  fubjeft  *. 

OF  THE  QUANTITY  OF  PHLOGISTON 

IN  NITROUS  AIR. 

100  gr.  of  filings  of  iron  being  difl'olved  in  a fufficient  quan- 
tity of  very  dilute  vitriolic  acid  produced,  with  the  afliftance  of 
heat  gradually  applied,  155  cubic  inches  of  inflammable  air, 
the  barometer  at  29,5,  and  the  thermometer  between  50  and 
6o°.  Now  inflammable  air  and  phlogifton  being  the  fame 
thing,  this  quantity  of  inflammable  air  amounts  to  5,42  gr.  of 
' phlogifton. 

Again,  100  gr.  of  iron,  difl'olved  in  dephlogifticated  nitrous 
acid,  in  a heat  gradually  applied  and  raifed  to  the  utmoft,  afford 
83,87  cubic  inches  of  nitrous  air.  And  as  this  nitrous  air  con- 

Hs  Since  this  paper  was  committed  to  the  piefs,  I find  t h n. t IMi.  pelletiek  has 
reduced  the  arfenical  acid  to  a regulus,  by  merely  paffing  inflammable  air  through 
the  folution  of  that  acid  in  twice  its  weight  of  water,  noz.  Journ.  February  1782. 
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tains  nearly  the  whole  quantity  of  phlogifton  which  iron  will 
part  with  (it  being  more  completely  dephlogifticated  by  this- 
add  than  by  any  other  means)  it  follows,  that  83,87  cubic 
inches  of  nitrous  air  contain  at  leaf!  5,42  gr.  of  phlogifton ; 
but  it  may  reafonably  be  thought  that  the  whole  quantity  of 
phlogifton  which  iron  will  part  with  is  not  expelled  by  the 
vitriolic  acid,  and  that  nitrous  acid  may  expel  and  take  up  more 
of  it.  To  try  whether  this  was  really  fo,  I calcined  a certain 
quantity  of  green  vitriol,  until  its  ferruginous  bafts  was  quite 
inftpid  ; 1 then  extracted  from  64  gr.  of  this  ochre  two  cubic 
inches  of  nitrous  air,  confequently  100  gr.  of  this  ochre  would 
give  3,12  cubic  inches  of  nitrous  air;  and  if  83,87  cubic 
inches  of  nitrous  air  contain  5,42  of  phlogifton,  then  3,12  cubic 
inches  of  this  air  contain  0,2  of  a grain  of  phlogifton  ; confe- 
quently, nitrous  acid  extrads  from  100  gr.  of  iron  two  tenths 
of  a grain  more  phlogifton  than  the  vitriolic  acid  does ; there- 
fore 83,87  cubic  inches  of  nitrous  air,  containing  nearly  all  the 
phlogifton  which  iron  gives  out,  contain  5,62  gr.  of  phlogifton. 

Then  100  cubic  inches  of  nitrous  air  contain  6,7  gr.  of  phlo- 
gifton, and  ftnce  100  cubic  inches  of  nitrous  air  weigh  39,9  gr* 
they  muft  alfo  contain  33,2  gr.  of  nitrous  acid. 

Alfo,  1 00  gr.  of  nitrous  air  contain  16,792  of  phlogifton,  and 
83,208  of  acid. 

When  firft  1 made  thefe  experiments  I imagined,  that  the  ni- 
trous air  thus  expelled  contained  all  the  phlogifton  of  the  metals- 
diflolved  in  the  nitrous  acid,  as  this  acid  is  well  known  to  dephlo- 
gifticate  metals  as  perfedly  as  pofftble ; but  1 foon  obferved,  as 
did  Dr.  priestley  and  Mr.  fontana,  that  the  greater  part  of 
this  is  air  reforbed  and  detained  in  the  folution,  the  acid  and  calx 
having,  according  to  the  beautiful  remark  of  Mr.  scheele,  a 
greater  attradion  to  phlogifton  than  either  feparately;  yet  that  the 

calculation 
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calculation  is  nearly  juft,  will  appear  clearly  in  my  next  paper, 
by  its  coincidence  with  the  quantity  of  phlogifton  difcovered  in 
lead  by  Dr.  priestley  and  that  which  is  contained  very  evi- 
dently in  regulus  of  arfenic,  filver,  and  quickfilver. 


OF  THE  QUANTITY  OF  PHLOGISTON 

IN  FIXED  AIR. 

Before  I attempt  to  determine  this  quantity,  it  will  be  ne- 
ceflary  to  prove  that  it  contains  any  ; and  for  this  purpoie  mi- 
nutely to  examine  its  nature  and  origin. 

Dr.  priestley  firft  difcovered  that  in  all  proceftes,  wherein 
phlogifton  is  difen  gaged  from  any  fubftance,  as  in  combuftion , 
refpiration , calcination  of  metals , putrefaction , decompofition  of 
nitrous  air  by  refpirable  air , &c.  fixed  air  is  precipitated  from 
the  common  or  dephlogifticated  air  in  which  thefe  proceftes  are 
performed,  and  that  thefe  laft  airs  are  dimimfhed  both  111 
weight  and  bulk,  and  are  afterwards  lefs  fit,  or  abfolutely  un- 
fit, for  thefe  proceftes,  according  to  the  quantity  of  phlogifton 
that  was  fet  loofe.  Thefe  facts  are  admitted  by  all,  let  their 
fyftems  be  what  they  may.  However,  Dr.  priestley  thinks 
he  has  feen  one  exception  to  this  general  rule  ; for,  he  fays, 
that  in  the  combuftion  of  inflammable  and  common  air  no 
fixed  air  is  precipitated,  5 pr.  124.  He  alfo  feems  inclined  to 
admit  another  exception  in  the  cafe  of  the  combuftion  of 
fulphur. 

The  queftions  that  here  arile  are,  firft,  wdiether  the  fixed 
air  that  appears  in  thefe  circumftances  proceeded  from  the 
refpirable  air  or  not  ? Secondly,  If  it  proceeded  from  the  refpi- 
rable air,  whether  it  pre-exifted  in  that  air ; or  whether  it  was 

generated 
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generated  during  the  procefs  that  exhibits  it  ? and  if  fo,  what 
are  its  conflituent  parts  ? 

The  firfl  queflion  is  eafily  anfwered ; for  in  fuch  phlogiflic 
proceffes  as  are  attended  with  the  deflruftion  of  the  fubflances 
that  are  known  to  contain  fixed  air,  as  thofe  of  the  animal  and 
vegetable  kingdom,  the  fixed  air  may  be  fuppofed  to  proceed  in 
many  .cafes,  both  from  the  decompofed  fubflance  and  from  the 
refpirable  air ; and  of  this  fort  are  the  proceffes  of  combuflion 
of  mofl  animal  and  vegetable  fubflances,  and  fermentation ; 
but  the  fixed  air.,  that  appears  in  fuch  phlogiflic  proceffes  as 
are  performed  on  fubflances  that  contain  no  fixed  air,  muff  be 
deemed  to  proceed  from  the  refpirable  air  fingly.  And  of  this 
cafe  we  have  four  clear  inflances ; the  calcination  of  metals ; 
the  decompofition  of  nitrous  air  by  refpirable  air ; the  diminu- 
tion of  common  air  by  the  eledlric  fpark ; and,  laflly,  its 
diminution  by  amalgamation. 

And  firft  as  to  the  calcination  of  metals,  Dr.  priestley 
has  obferved,  that  by  this  operation  refpirable  air  (and  only 
refpirable  air)  is  diminifhed  between  one-fourth  and  one-fifth, 
both  in  its  weight  and  bulk;  but  Mr.  Lavoisier  has  demon- 
ftiated,  that  nothing  is  loft  or  efcapes  through  the  veffels  (as 
Mr.  scheele  would  have  it)  ; for  the  weight  and  materials 
continue  un diminifhed  when  the  operation  is  performed  in 
dole  veffels  *-  That  part,  therefore,  which  the  air  lofes  is 
taken  up  by  the  metallic  calx,  which  accordingly  is  found  to 
gain  the  very  weight  which  the  air  lofes.  Now  the  air  con- 
tained in  the  calx  is  fixed  air;  for  Mr.  Lavoisier  alfo  ob- 
ferved, that  by  the  calcination  of  lead,  by  folar  heat,  over  lime- 
water,  the  water  was  rendered  {lightly  turbid  f*  It  is  true, 

* Mem.  Par.  1774. 

| 1 lavois.  291. 
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that  Dr.  Priestley,  in  a fimilar  experiment,  did  not  obferve 
this  turbidity ; but  he  accounts  for  this  circumftance  very 
juftly,  by  fuppofing,  that  the  calx  of  lead  abforbed  the  fixed 
air  preferably  to  the  lime.  And  this  fuppofition  is  not  gra- 
tuitous ; for  metallic  calces,  and  particularly  thofe  of  lead,  are 
known  to  attract  fixed  air  as  ftrongly  as  quick  lime,  or  rather 
more  ftrongly*  : and  what  lets  this  matter  beyond  all  doubt, 
' the  calces  of  lead  all  yield  fixed  air  by  heat,  and  the  grey  calx 
of  lead,  in  particular,  which  was  that  produced  by  Dr.  priest- 
ley,  in  the  experiment  to  which  I allude,  affords  by  heat 
fixed  air  only.  Other  calces  of  lead  after  fixed  air  afford  alfo 
dephlogifticated  air ; but  this  1 fhall  fhew  alfo-  to  have  been 
originally  fixed  air.  If  filings  of  iron  be  mixed  with  water  in 
dole  veflels,  they  will  be  converted  into  ruft,  and  the  incum- 
bent air  diminilhed  one-fourth,  as  Mr.  lavoisier  attefts  f ; 
but  Dr.  PRIESTLEY  has  fhewn,  that  ruft  of  iron  yields  fcarce 
any  other  than  fixed  air,  which  may  be  expelled'  out  of  it  by 
mere  heat  J.  Nay,,  iron  alone,  expofed  to,  common  air  over  a 
veflel  of  water  for  three  months,  reduced  this  air  one-fifth; 
and  being  expofed  to  dephlogifticated  air,  over  a veflel  of  mer- 
cury, it  reduced  it  one-tenth  in  nine  months  §.  In  all  thefe 
cafes  the  fixed  air  could  furely  come  from  nothing  elfe  but  the 
incumbent  refpirable  air  and  the  phlogifton  of  the  metal. 

Secondly,  It  is  well  known,  that  if  nitrous  air  be  decom- 
pofed  by  refpirable  air  over  lime-water,  the  lime  will  be  preci- 
pitated ||.  In  this  cafe  alfo,  the  fixed  air  muff;  proceed  from  the 

* voget,,  § 599.  2 N,  A£.  Upfal.  240.  IX  Mem.  Scav.  Etrang.  544. 
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referable  air  and  the  phlogifton  of  the  nitrous  air;  for  it  can- 
not proceed  from  the  nitrous  acid,  as  this  acid  is  not  decom- 
pofed,  but  is  taken  up  by  the  water  over  which  the  mixture  of 
both  airs  is  made,  as  Mr.  bewly  has  undeniably  proved  : and 
hence  it  is,  that  unlefs  a large  quantity  of  lime-water  be  ufed 
f0  2S  to  contain  enough  f©r  both  the  nitrous  and  aerial  acids  to 
on,  there  will  be  no  precipitation  of  lime,  as  Mr.  fontana 
has  obferved ; for  the  nitrous  acid  will  feize  on  the  lime  pre- 
ferably to  the  aerial.  Dr.  priestley  indeed  obferved,  that  if 
a bladder,  filled  with  nitrous  air,  be  dipped  in  lime-water,  it 
occafions  a precipitation  of  lime  or  the  furface  of  the  water, 
i pr.  213.  But  he  elfewhere  acknowledges,  that  this  pro- 
ceeds from  the  inability  of  the  bladder  to  confine  nitrous  air. 
1 pr.  76.  and  128,  which  Mr.  baume  alfo  long  ago  obferved, 
without  knowing  any  thing  more  of  this  air.  baume  fur 
p father , 285.  The  phlogifton  paffes  through  the  bladder, 
and  unites  to  the  common  air  contiguous  to  it*.  Befides, 
nitrous  air  afts  on  the  bladder  itfelf,  and  extracts  fixed  air  from 
it.  1 PR.  214.  Hence  alfo,  if  rain-water  carefully  boiled,  and 
freed  from  its  own  air,  be  made  to  abforb  a quantity  of  nitrous 
air,  it  will  again,  on  boiling,  yield  it  back  as  pure  as  at  firft ; 
but  if  common  water  be  made  to  imbibe  nitrous  an  in  the 
fame  manner,  it  will,  on  boiling,  yield  alfo  a portion  of  fixed 
air.  3 pr.  109.  Does  not  this  happen  clearly  becaufe  common 
water  contains  atmofpheric  air,  or  air  fomewhat  purer,  which 
is  converted  into  fixed  air  by  mixture  with  the  nitrous  air  ? 
This  experiment  alfo  fhews,  that  water  itfelf  never  unites  to 
phlogifton,  fince  it  does  not  take  any  from  nitrous  air,  where 
the  union  of  phlogifton  to  the  acid  is  of  the  laxeft  kind. 
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Thirdly,  If  the  electric  fpark  be  taken  through  common  air, 
this  air  will  be  diminifhed  one-fourth,  and  a folution  of  lime, 
if  contiguous,  will  be  precipitated,  and  a folution  of  turnfole 
tinged  red.  1 pr.  184.  186.  Whence  could  the  fixed  air  here 
produced  proceed,  but  from  the  common  air,  and  the  phlogifton 
of  the  metallic  conductors  ? This  excellent  philofopher  has  even 
fhewn  it  could  proceed  from  nothing  elfe ; for  after  that  air 
had  contributed  all  it  could  to  that  production,  that  is,  was 
diminifhed  to  the  utmoft,  he  changed  the  liquors,  but  could 
produce  no  change  in  their  colour,  nor  the  leaft  fign  of  fixed  air. 
This  experiment  has  alfo  been  repeated  in  France,  and  the 
infide  of  the  glafs  tube,  in  which  the  common  air  was  con- 
tained, was  moiftened  with  a folution  of  cauftic  fixed  alkali, 
and  the  alkali,  after  the  operation,  was  found  cryftallized ; 
but  when  the  tube  was  exhaufted  of  air,  and  the  experiment 
repeated,  no  change  whatfoever  was  found  in  the  alkali.  EJfai 
fur  VElettricite,  par  Air . Le  Comte  de  la  cepede,  vol.  I. 

P-  155- 

Fourthly,  If  lead  and  mercury  be  agitated  in  a phial,  partly 
filled  with  common  air,  this  air  will  be  diminifhed  one-fourth, 
and  the  refiduum  will  be  found  completely  phlogifticated.  The 
diminution  will  be  ftill  greater  if  the  phial  contain  dephlo- 
gifiicated  air.  1 pr.  149.  The  lead  is  converted  into  a calx, 
calcination  being  the  known  effeCt  of  the  amalgamation  of 
the  bafe  metals  ; and  this  calx  abforbed  the  fixed  air  produced, 
for  Dr.  priestley  expelled  this  air  from  it.  1 pr.  144. ; and 
hence  an  amalgama  of  lead  and  mercury  decrepitates  when 
heated*.  Whence  could  this  fixed  air  proceed,  but  from  the 
refpirable  air  ? For  furely  neither  lead  nor  mercury  contain 

any. 
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If  the  above  experiments  be  attended  to,  the  anfwer  to  the 
fecond  queftion  will  be  equally  obvious.  It  is  certain,  that 
common  air  does  not-  confift  of  one- fourth  of  its  bulk  of  fixed 
air  ; for  if  it  did,  the  remaining  three- fourths  mud  be  dephlo- 
gifticated  air  : and  if  fo,  then  the  abfolute  weight  of  a mix- 
ture of  three-fourths  dephlogiftieated  air  and  one-fourth  fixed 
air  fhould  coincide  at  leaf!  nearly  with  the  abfolute  weight  of 
an  equal  bulk  of  common  air ; but  in  fact  it  is  very  far  from 
it:  for  four  cubic  inches  of  common  air  weighed  1,54  gr.; 
but  a mixture  of  three  cubic  inches  of  dephlogiftieated  air  and 
one  of  fixed  air  weighs  1,83  gr. ; neither  indeed  has  fo  large  a 
portion  of  fixed  air  been  ever  fuppofed  to  exift  in  common  air. 
Befides,  if  fixed  air  pre-exifted  in  common  air,  it  might  be  fepa- 
rated  from  it  by  lime-water,  at  leaft  in  fome  degree.  I have 
mixed  one  part  of  fixed  air  with  twenty  of  dephlogiftieated  air, 
and  aifo  with  twenty  of  phlogifticated  air  in  clofe  veflels,  add 
thefe  mixtures  did  not  fail  to  render  lime-water  turbid.  But  let 
common  air  be  agitated  in  lime-water  ever  fo  long  in  clofe 
veftels,  not  the  leaft  cloudinefs  will  appear  ; nor  does  quick-litne, 
in  thefe  circumftanees,  in  the  leaft  afFe£l  common  air,  as  Dr. 
Priestley  has  obferved.  2 fr.  184.  The  fpontaneous  pre- 
cipitation of  lime-water  arifes  therefore  from  an  accidental  dif- 
fufion  of  fixed  air  through  common  air,  and  the  fiownefs  of 
this  precipitation  fhews  its  quantity  to  be  very  fmall.  The  in- 
ference from  the  above  experiments  will  be  much  ftronger 
againft  the  pre-exiftence  of  fixed  air  in  fefpirable  air,  if,  inftead  of 
common  air,  dephlogiftieated  air  be  ufed  ; for  there  the  dimi- 
nution is  fo  great,  and  the  quantity  of  fixed  air  produced  fo 
confiderable,  that  it  can  by  no  means  be  fuppofed  to'  have  pre- 
exifted,  its  properties  being  fo  very  oppofite  to  thofe  of  deV 
phlogifticated  air. 


To 
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To  this  it  -h  as  been  anfwered,  firft,  that  fixed  air  in  common, 
air  is  united  to  forae  unknown  ball's,  which  attracts  it  more 
ftrongly  than, quick-lime  does;  but  that  it  is  precipitated  from 
that  balls  by  the  phlogifton  let  loofe  in  phiogiftic  procefi.es-, 
which  is  frill  more  ftrongly  at  traded  by  that  balls ; and,  fe- 
condly,  that  the  diminution  both  of  the  weight  and  bulk  of 
refpirable  air  in  phiogiftic  precedes  does  not  arife  intirely  from 
the  .feparation  of  fixed  air,  but  from  fome  other  caufe. 

But  neither  of  thefe  a-nfwers  is  fatisfadory  : for  the  fuppofi- 
tion  of  fuch  a hafis  is  evidently  gratuitous,  being  fupported  by 
not  one  experiment.  It  is  alfo  contrary  to  analogy,  there 
being  no  inftance  of  the  feparation  of  fixed  air,  nor  of  any 
other  acid,  from  any  fubftance  merely  by  the  greater  affinity 
of  phlogifton  to  fuch  fubftance.  It  is  alfo  infufficient  for  the 
purpole,  for  which  it  was  framed ; for  of  dephlogifticated  air 
97  parts  in  100  are  reducible  to  fixed  air  by  phiogiftic  procefies; 
and  can  it  be  imagined,  that  97  parts  in-  i.co  of  it  were  mere 
fixed  air  united  to  lefs  than  three  parts  of  an  unknown  balls  ? 
I fay,  lefs  than  three  -parts  ; for,  according  to  the  prefent  flip- 
pofition,  this  unknown  balls  took  up  the  phlogifton  of  the 
fubftance  that  feparated  the  fixed  air  from  it,  and  yet  it,  and  the 
wffiole  quantity  of  phlogifton  it  took  up,  amounted  but  to  three 
parts  of  an  hundred ; can  it  be  fuppofed,  that  this  vaft  pro- 
portion of  fixed  air  would  not  in  the  leaft  affed  lime-water,  as 
pure  dephlogifticated  air  is  known  not  to  do  ? Can  it  be  fuppofed, 
that  fuch  an  immenfe  quantity  of  fixed -air,  combined  with  any 
balls,  would  be  fo  fuperlatively  fitted  for  all  phiogiftic  procefies, 
while  fixed  air,  in  its  difengaged  ftate,  is  totally  unfit  for 
them  ? Befides,  this  unknown  balls,  after  all,  is  nothing  but 
phlogifticate.d  air,  with  which  fixed  air  is  incapable-of  contract 
lag  any  union  ; rand  if  its  phlogifton  be  walked  away,  it  is  not 
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found  different  from  common  air  (lightly  injured.  Accordingly, 
we  find  that  this  conjedfure,  firff  advanced  by  Dr.  triestley 
in  the  infancy  of  his  refearches,  is  now  abandoned  by  him. 
Vol.  V.  p.  31.  And  he  now  juffly  thinks,  that  common  air 
does  not  contain  above  of  its  bulk  of  fixed  air. 

As  to  the  diminution  of  bulk,  it  is  certain,  that  the  whole  of 
it  does  not  proceed  from  the  feparation  of  fixed  air  ; for  though 
no  part  of  the  fixed  air  (hould  be  abforbed,  yet  fince  part  of  the 
common  air  is  converted  into  fixed  air,  there  muff  be  a diminu- 
tion of  bulk,  fince  fixed  air  is  fpecifically  heavier  than  common 
air,  and  the  bulks  are  inverfely  as  the  fpecific  gravities  ; but  the 
diminution  of  mafs  muff  wholly,  and  that  of  bulk  muff  alfo 
for  the  greater  part  arife  from  the  abforption  of  fixed  air  by 
water,  or  the  fubffance  from  which  the  phlogiffon  proceeds.  I 
have  fucceflively  added  fix  meafures  of  nitrous  air  to  two  of 
dephlogifficated  air  from  precipitate  per  fe,  and  after  each  addi- 
tion transferred  the  mixture  into  frefh  lime-water,  and  after 
each  I found  the  lime  precipitated  until  the  whole  was  reduced 
to  one-tenth  nearly,  fo  that  nine-tenths  of  this  dephlogifficated 
air  was  evidently  converted  into  fixed  air  j and  Imce  fixed  air 
did  not  pre-exiff  in  the  dephlogifficated  air,  it  was  evidently 
produced  by  the  union  of  the  phlogiffon  of  the  nitrous  air  with 
the  truly  dephlogifficated  part  of  the  dephlogifficated  air. 

Here  we  fee  how  fixed  air  is  generated  in  moff  other  phlo- 
giffic  proceffes,  performed  in  common  air.  The  phlogiffon  is 
attra&ed  by  the  dephlogifficated  part  of  common  air,  unites  to 
it,  expels  part  of  its  fire,  and  fo  forms  fixed  air ; yet  a part  of 
this  pure  air  generally  efcapes  the  aflion  of  phlogiffon,  being 
prote&ed  from  it  by  the  quantity  of  phlogifficated  air  which  is 
always  found  in  common  air,  and  which  forms  about  two- 
thirds  of  it,  in  the  fame  manner  as  gold  is  prote&ed  by 
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{liver,  and  filver  by  gold,  from  the  a&ion  of  their  refpefHve 
menftruums  ; and  this  is  the  reafon  why,  in  fome  phlogiftic 
procefles,  the  diminution  is  greater  than  mothers;  and  why 
the  diminution  continues  to  increafe  (lowly  for  a long  time. 

Nor  is  the  fuppofttion,  that  common  air  confifts  of  two 
fluids,  one  phlogifticated  and  the  other  dephlogiflicated,  gra- 
tuitous ; it  is  pointed  out  hy  feveral  experiments.  If  a mix- 
ture be  made  of  three  parts  phlogifticated  air  and  one  of  de- 
phlogiflicated air,  fl  will  exadlly  perform  the  fun&ions  of 
common  air  ; a candle  will  burn  in  it,  an  animal  will  live  in  it, 
juft  as  in  common  air  *.  Befides,  common  air  may  in  fome 
meafure  be  feparated  into  thefe  conftituent  parts  by  lying  over 
pure  water;  for  dephlogiflicated  air  is  much  more  mifcible 
with  water  than  common  air,  as  Mr.  fontana  remarked, 
Phil  Tranf.  1779,  p-  443*  and  444 and  scheele  on  Fire, 

§ 94.  Hence,  if  common  air  be  fuffered  to  ftand  fome  time 
over  pure  water,  it  will  be  diminifhed,  the  purer  part  being  in 
great  meafure  abforbed  by  the  water,  and  the  remainder  will  be- 
found  to  confift  of  fo  large  a proportion  of  phlogifticated  air 
that  a candle  will  not  burn  in  it.  1 pr.  158.  4 pr.  353.'  Mr.' 
scheele  again  expelled  that  part  which  the  water  had  abforbed,' 
and  found  it  dephlogiflicated.  He  alfo  found*  that  phlogifti-  - 
cated  air  is  not  at  all  abforbed  by  water,  ibid. 

Hence  we  fee,  why  the  whole  of  any  quantity  of  common 
air  can  never  be  converted  into  fixed  air;  for  no  part  of  it  will 
unite  with  phlogifton,  but  the  dephlogiflicated  part  (which; 
never  exceeds  one-third  of  the  whole).  This  .Mr.  scheele 
has  deciftvely  proved  by  expofing  liver  of  fulphur  to  a mixture 

I 

* Mem.  Par.  1777,  p.  J9r* 

f He  informed  me,  that  water  takes  up  one-fourteenth  of  its  bulk  of  dephlo- 
giftkiated  air,  and  only  one-twenty-eighth  of  common  air. 
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of  phlogifticated  and  dephlogifticated  air ; the  mixture  was 
diminished  in  the  fame  proportion  as  it  contained  dephlogifti- 
cated  air,  and  no  more,  scheele,  § 43. 

Phlogifticated  air,  therefore,  is  not  the  ufiial  product  of. 
common  phlogiftic  procefles  ; but  the  phlogifticated  refiduum 
that  is  found  after  fuch  procefles  mufl  have  pre-exifted,  as  that, 
evidently  does  which  is  found  after  the  mixture  of  nitrons  and 
very  pure  dephlogilticated  air,  for  almoft  the  whole  of  this  laft 
is  turned  into  air  which  is  abforbed  by  water,  and  precipitates, 
lime,  as  we  have  already  feen,  fo  that  no  part  of  it  is  con-, 
verted  into  phlogifticated  air,  this  being  immifcible  with  water. 
Now  common  air  is  affected  by  nitrous  air  juft  in  the  fame 
manner,  and  differs  only  in  degree  ; therefore  the  phlogifticated 
air,  which  is  found  after  its  phlogiftication  in  the  ufuaPpro- 
ceftes,  was  not  produced  by  thofe  operations,  but  pre-exifted. 

Phlogifticated  air  confifts  of  fixed  air  fuper-faturated  with 
phlogifton,  as  fulphur  does  of  volatile  vitriolic  acid  fuper- 
faturated  with  phlogifton;  and  as  fulphur  is  not  generally, 
formed  when  the  vitriolic  acid  unites  to  phlogifton,  but  only, 
volatile  vitriolic  acid,  fo  neither  is  phlogifticated  air  each  time 
that  pure  air  unites  to  phlogifton,  but  rather  fixed  air,  1 lay, 
Juper-jaturated , becaufe  it  contains  fuch  a quantity  of  phlo- 
gifton as  to  be  infoluble  in  water.  Many  experiments  of  Dr., 
priestley  clearly  point  out  this  compofition.  Thus  that 
celebrated  philofopher  has  found,  that  if  phlogifticated  air  be. 
agitated  in  water,  out  of  which  its  air  had  been  boiled,  and 
whole  fur  face  is  expofed  to  the  atmofphere,  it  will  be  in  great., 
meal'ure  purified  (juft  as  fulphur  is  decompofed  by  trituration 
in  water),  and  if  then  it  be  pafled  through  lime-water  twro  or 
three  times,  it  renders  it  turbid.  2 pe.  218.  Hem  then  the 
excefs  of  phlogifton,  by  reafon  of  its  repulfion  from  water,  is 

» eafily' 
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eafily  attracted  by  the  dephlogifticated  part  of  the  common 
atmoiphcre,  which  is  immediately  imbibed  by  the  water  out  of 
which  its  air  had  been  boiled  ; the  phlogifticated  air  is  thereby 
decompofed  and  partly  turned  into  fixed  air,  which  makes  the 
lime-water  turbid.  Part  alio  of  the  fixed  air  is  decompofed  as 
will  prelent ly  be  feen,  and  hence  the  degree  of  purity  which  it 
acquires.  Further,  if  the  eledlric  (park  be  taken  in  fixed  air, 
three- fourths  of  it  will  be  rendered  infoluble  in  water,  and  the 
whole  will  probably  become  fo  if  the  operation  be  long 
enough  continued.  1 pr.  248.  This  infoluble  refiduum  Mr. 
fontana  found  to  be  phlogifticated  air;  and  that,  if  this 
phlogifticated  air  be  agitated  in  water  (whole  furface  is  expofed 
to  the  atmofphere)  it  will  become  again  common  air.  Recherches 
Phyjiques , 77.  That  is,  it  will  acquire  a degree  of  purity 
nearly  the  fame  as  that  of  common  air.  This  fully  confirms 
all  that  has  been  hitherto  faid  concerning  thefe  airs  ';  fo  alfo,  if 
a mixture  of  filings  of  iron  and  fulphur,  made  into  a pafte, 
be  expofed  to  fixed  air,  and  made  to  ferment,  part  of  the  fixed 
air  will  be  turned  into  phlogifticated  air,  3 pr.  257.  Juft  as- 
i‘n  another  equally  curious  experiment  he  found,  that  vitriolic 
air  was  converted  into  fulphur  by  the  gradual  exhalation  of 
phlogifton  from  a folution  of  that  air  in  water,  and  as  it  daily 
happens  in  the  hot  baths  at  Aix  la  Chapelle.  And  hence  we 
fee,  that  fixed  air,  even  in  its  elaftic  ftate,  is  capable  of  taking 
an  excels  of  phlogifton,  when  this  laft  is  infenfibly  feparated 
from  any  fubftance,  and  then  becomes  phlogifticated  air.  Phlo- 
gifticated air  may  alfo  be  formed  by  a rapid  and  copious  afflu- 
ence of  phlogifton,  in  certain  circumftances,  as  we  (hall  foon 
fee  I fbould  not  omit,  that  phlogifticated  air,  after  it  has 
been  purified  from  phlogifton  by  agitation  in  water,  is  again 
dimmiftiable  by  phlogiftic  procefles,  and  that  fixed  air  is  preci- 
o pitatedi 
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pitated  from  it  as  ufual.  2 pr.  219.  A circumftance  which  at 
that  time  was  thought  inexplicable,  and  which  indeed  is  fo, 
on  any  other  principles  but  thofe  here  laid  down,  of  which  it 
is  an  immediate  confequence. 

Having  thus  far  fynthetically  proved  the  conftituent  parts 
of  fixed  air  to  be  pure  elementary  air  and  phlogifton,  I fhall 
now  endeavour  to  do  the  fame  by  its  analyfis  : and,  in  the  firft 
place,  that  it  contains  phlogifton,  and  even  in  fuch  quantity  as 
to  deferve  to  be  clafled  among  the  phlogifticated  acids,  appears 
by  its  a&ion  on  black  manganefe . This  femi-metallic  calx,  as 
has  been  proved  by  that  admirable  chemift  Mr.  scheele,  is 
completely  foluble  only  in  phlogifticated  acids,  and  is  precipi- 
table  from  them  by  fixed  alkalies  in  the  form  of  a white  calx. 
He  alfo  found,  that  this  manganefe  is  alfo  foluble  in  water 
ftrongly  impregnated  with  fixed  air,  and  is  alfo  precipitable 
from  it  in  the  form  of  a white  calx.  35  Mem.  Stock,  p.  96. 

If  fixed  air  be  repeatedly  diffolved  in,  and  expelled  from  wa- 
ter, it  leaves  each  time  a refiduum  which  is  infoluble  in  water, 
diminifhable  by  nitrous  air,  and  capable  of  fupporting  animal 
life.  Hence  it  is  evidently  decompol'ed,  the  phlogifton  fepa- 
rating  from  it,  and  gradually  uniting  to  the  common  atmo- 
fphere  by  reafon  of  the  repulftve  power  betwixt  it  and  water. 
Dr.  priestley  indeed  found,  that  a candle  would  not  burn  in 
it ; but  this  arifes  only  from  a mixture  of  a fmall  quantity  of 
fixed  air  not  yet  decompofed,  of  which,  according  to  the  expe- 
riments of  Mr.  cavendish,  one-ninth  is  fufficient  to  extin- 
guifh  a. candle  *. 

Again,  Mr.  achard  has  converted  fixed  air  into  air  of  nearly 
the  fame  purity  as  common  air  by  pafling  it  five  or  fix  times 
through  melted  .nitre.  Mem.  Berlin.  1778.  Mr.  cavallo 

* 1 PR.  34.  40.  Z TR.2U),  220. 
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patted  it  but  once  through  melted  nitre,  and  yet  found  it  con- 
fiderably  meliorated,  for  it  was  diminifhed  by  nitrous  air.  In 
this  cafe  the  nitrous  acid  attracted  the  phlogifton  ; for  it  is 
known  to  become  phlogifticated  by  the  fufion  of  nitre,  fo  as 
to  be  expellable  even  by  the  vegetable  acids.  2 N.  A£h  Upf. 

1 71.  And  aqua  regia  may  be  made  by  mixing  nitre  with  ma- 
rine acid. 

I fhall  now  briefly  confider  what  may  be  faid  in  oppofition  to 
this  doctrine. 

In  the  firtt  place  it  may  be  difficult  to  conceive,  that  the 
addition  of  phlogifton  fhould  render  any  fubffance  more  foluble 
in  water,  as  it  is  known  to  render  moft  acids  lefs  foluble  in 
that  liquid  ; but  a little  attention  will  fhew,  that  phlogifton 
does  not  always  render  fubftances  lefs  foluble  in  water  than 
they  were  before  ; for  the  acid  of  fugar  is  lefs  foluble  in  water 
than  fugar  itfelf,  though  fugar  conftfts  of  that  acid  united  to 
phlogifton.  The  dephlogifticated  marine  acid  unites  more 
difficultly  with  water  than  the  fame  acid  does  when  phlogifti- 
cated, as  the  illuftfious  Bergman  has  obferved*.  Cauftic 
volatile  alkali  has  been  decompofed  by  Mr.  scheele,  and 
found  to  conlift  of  an  air  infoluble  in  water,  and  phlogifton ; 
fo  that  it  is  rendered  foluble  in  water  only  by  union  with  phlo- 
gifton. It  would  be  foreign  to  the  fubjeft  to  enter  into  the 
reafon  of  thefe  exceptions,  but  the  fa&s  are  certain. 

Another  objection  may  be  drawn  from  a remarkable  experi- 
ment to  be  found  in  the  fifth  volume  of  Dr.  Priestley’s  ob- 
fervations,  where  it  is  ftiid,  that  inflammable  air  and  common 
air  being  fired  by  an  ele&ric  fpark  over  lime-water,  the  dimi- 
nution took  place  all  once,  and  the  lime  was  not  precipitated  ; 
but  as  it  is  equally  true,  that  fixed  air  is  precipitated  by  other 
phlogiftic  procefles,  this  experiment  proves  only,  that  in  thefe 

* Anleitung,  § 333. 
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particular  circumftances,  where  a large  quantity  of  phlogiflon 
is  fuddenly  heated  and  transferred  all  at  once  upon  the  dephlo- 
giflicated  part  of  common  air,  phlogiflicated  air  may  be  formed 
as  fulphur  and  volatile  acid  is  formed,  when  a large  quantity  of 
hot  phlogiflon  is  united  all  at  once  to  the  vitriolic  acid. 

Analogous  to  this  is  another  experiment  of  Mr.  cAvalAo's, 
where  he  found,  that,  by  the  explofion  of  gunpowder,  a largo 
quantity  of  phlogiflicated  air  is  produced  * ; and  alfo  another 
of  Dr.  Priestley’s,  wherein  he  found,  that  by  firing  a mix- 
ture of  equal  parts,  fulphur  and  nitre,  only  one-twelfth  of  the 
air  produced  was  fixed  air,  the  remainder  being  phlogiflicated 
air.  But  I own  the  circumflancesof  the  former  experiment  arc 
not  as  yet  well  known  to  me,  not  having  been  able  to  repeat  it  in 
luch  a manner  as  to  remove  all  doubt  either  of  the  elcape  of 
the  aii  thiough  the  cement  which  fixes  the  wire  that  conducts 
the  elearic  fire,  during  combufHon  ; or  that  the  frnall  quan- 
tity of  inflammable  air  ufed  prevents  the  fixed  from  being  fen- 
iible.  It  may  alfo  happen,  that  to  the  produtfion  of  fixed  air 
it  is  neeeflary  that  the  phlogiflon  be  condenfed  to  a certain  de- 
gree, as  it  is  in  common  cafes;  and  perhaps,  when  exceedingly 
larified,  ns  it  is  in  inflammable  air  from  metals,  it  forms  fome 
other,  as  yet  unknown,  compound.  Thus  much  is  certain, 
that  all  other  inflammable  air,  fired  with  the  elearic  fpark’ 
produces  fixed  air ; and  all  other  inflammable  air  is  fpecifically 
heavier  than  the  metallic,  and  before  inflammation  evidently 
contains  no  fixed  aif.  Mr.  warltire,  after  burning  metallic 
inflammable  air,  found  a white  powdery  fubjiance  (probably  a 
calx)  which  may  have  abfofbed  the  fixed  air. 

However,  in  the  common  procefs  of  combuflion  of  animal 
and  vegetable  fubflances  it  is  certain,  that  fixed  air  is  feparated 

* cavallo  on  Air,  p.  Si 2. 
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from  common  air,  and  that  the  whole  diminution  is  owing  to 
its  production  and  abforbtion.  Mr.  Lavoisier  has  fet  thefe 
points  in  the  cleared:  light.  He  introduced  a lighted  candle 
into  a receiver  handing  on  mercury  : the  air  at  firft  expanded 
by  reafon  of  the  heat,  and  the  candle  was  fhortly  after  extin- 
guifhed ; but  when  all  was  cold,  there  was  fcarcely  any  dimi- 
nution. He  then  introduced,  under  the  receiver,  a cauftic 
fixed  alkaline  liquor  : the  air  was  immediately  diminifhed,  and 
the  diminution  reached  nearly  one-ninth  of  the  whole.  He 
then  introduced  a fmall  quantity  of  vitriolic  acid ; the  alkali 
immediately  eftervefced,  gave  out  its  fixed  air,  the  mercury  re- 
defcended,  and  the  air  in  the  receiver  occupied  the  fame  fpace  as 
at  firft ; fo  that  this  experiment  is  perfedlly  conclufive.  He 
alfo  lighted  a candle  in  dephlogifticated  air,  and  when  it  was 
extinguifhed,  introduced  a cauftic  fixed  alkaline  liquor,  and 
then,  and  only  then,  this  air  was  diminifhed  two-thirds,  by 
which  it  is  evident,  that  two-thirds  of  it  were  converted  into 
fixed  air  ; but  the  remaining  third  was  fo  far  from  being  phlo- 
gifticated  air,  that  a candle  burned  in  it  as  well  as  ever,  and 
after  it  went  out  half  of  this  air  was,  abforbed  by  a cauftic 
fixed  alkali,  and  the  remainder  was  ftill  little  worfe  than  com- 
mon air.  Mem.  Par.  1777,  p.  195,  &c. 

Yet  Mr.  lavoisier  thinks,  that  by  the  calcination  of  metals 
fixed  air  is  not  produced ; but  that  the  metals  abforb  the  de- 
phlogifticated part  of  common  air,  and  are  thereby  converted 
into  a calx.  And  on  this  is  founded  his  extraordinary  opinion 
of  the  non-exiftence  of  phlogifton  ; whereas  it  is  evident,  that 
even  mercury  affords  inflammable  air,  and  confequently  contains 
phlogifton,  and  that  it  lofes  part  of  this  during  calcination,  and 
confequently  fixed  air  muft  be  produced,  as  he  himfelf  acknow- 
ledges it  to  be  during  combuftion,  by  the  union  of  inflam- 
r G g z mable 
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mable  air  and  the  dephlogifticated  part  of  common  air,  which 
after  this  union  is  abforbed  by  the  calx.  It  is  true,  that  the 
mercurial  calx,  and  alio  the  calces  of  lead,  and  many  others1, 
yield  dephlogifticated  air;  but  then  the  mercury  is  always 
revived,  fo  that  it  is  evident,  it  retakes  the  phlogifton  from  the 
fixed  airy  of  which  nothing  then  remains  but  the  dephlogifti* 
cated  part,  which  accordingly  appears  in  the  form  ot  dephlo* 
o-ifticated  air.  Dr.  priestley  never  found  the  whole  of  the 

t> 

mercury  revived,  and  accordingly  he  recovers  a little  fixed  air 
from  the  mercurial  calx.  2 pr.  217.  But  Mr.  lavoisier 
finds  the  whole  of  the  mercury  revived,  and  for  that  reafon 
finds  no  fixed  but  all  dephlogifticated  air ; thus  their  different 
refults  are  clearly  explained,  and  probably  proceed  from  the 
different  degrees  of  heat  they  employed,  and  the  different 
phlogiftication  of  their  acids.  The  dephlogifticated  air  that  is 
extracted  from  minium  proceeds  alfo  from  a partial  revivification 
of  the  lead,  which  always  takes  place*:  nor  is  it  wonderful^ 
that  this  calx  fhould  dephlogifticate  fixed  air,  fince  it  dephlo- 
gifticates  the  marine  acid  alio,  as  Mr.  scheele  has  oblerved  -f. 

To  this  it  will  probably  be  obje&ed,  that  dephlogifticated 
air  muft  pre-exift  in  the  minium,  fince  it  is  expelled  by  the  ma- 
rine acid  ; but  this  does  not  follow  ; for  if  manganefe  be  dil- 
iblved  in  the  common  marine  acid  which  is  phlogifticated,  and 
afterwards  expelled  from  it  by  the  vitriolic,  it  will  alfo  be 
found  dephlogifticated. 

I fhall  now  proceed  to  inveftigate  the  proportion  of  phlo- 
gifton and  elementary  or  refpirable  air  in  fixed  air. 

Dr.  priestley,  in  the  fourth  volume  of  his  Obfervations, 
p.  380.  has  fatisfactorily  proved,  that  nitrous  air  parts  with  as 

* eeaume,  7.  i Pott.  Lithog.  29.  3 Dift.  Cliy.  205, 
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much  phlogifton  to  common  air  -as  an  equal  bulk  of  inflamma- 
ble air  does  when  fired  in  the  fame  proportion  of  common  air. 
Now,  when  inflammable  air  unites  with  common  air,  its 
whole  weight  unites  to  it,  as  it  contains  nothing  elfe  but  pure 
phlogifton  ; fince,  therefore,  nitrous  air  phlogifticates  common 
air  to  the  fame  degree  that  inflammable  air  does,  it  parts  with 
a quantity  of  phlogifton  equal  to  the  weight  of  a volume  of 
inflammable  air  fimilar  to  that  of  nitrous  air.  Now  100  cubic 
inches. of  inflammable  air  weigh  3,5  gr.  ; therefore,  10a  cubic 
inches  of  nitrous  air  part  with  3,5  gr.  of  phlogifton  when  they 
communicate  their  phlogifton  to  as  much  common  air  as  will 
take  it  up*  1 lay,  that  nitrous  air  parts  with  as  much  phlogifton,, 
becaufe  it  is  certain’,  that  it  does  not  part  with  the  whole  of  its 
phlogifton  to  common  or  dephlogifticated  air,  for  itt  contains 
much  more,  as  already  fhewn,  and*  as  appears- bv  the  red  co- 
lour, it  conftantly  affumes  when  mixed  with  common  or  de- 
phlogifticated’air,  which  colour  belongs  to  the  nitrous  acid 
combined  with,  its  remaining  phlogifton,  and  not  to  the  fixed 
air  then  produced,  nor  to  the  phlogifticated  air  remaining,  as 
is  very  evident.  Hence  the  acid,  thus  formed,  is  volatile.. 
4.  pr.  267. 

One  meafure  of  tlie  pureft  dephlogifticated  air  and  two  of 
nitrous  air  occupy  but  -,4-^th  parts  of  one  meafure,  as  Dr. 
priestley  has  obferved,  vol.  IV.  p.  245.  Suppofe  one  mea- 
fure to  contain  1 00,  cubic  inches,  then  the  whole  very  nearly  of 
the  nitrous  air  will- difappear,  its  acid  uniting  to  the  water. over 
which  the  experiment  is  made,  and  97  cubic  inches  of:  the  de* 
phlogifticated'air,,  which  is  converted  into  fixed  air  by  its  union. 
\yith  the  phlogifton  of  the  nitrous  air ; therefore  97  cubic 
inches  of  dephlogifticated  air  take  up  all  the  phlogifton  which. 
200  cubic  inches  of  nitrous  air  will: part  with;  and  this  we 

have 
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have  found  to  be  feven  grains ; therefore,  a weight  of  fixed  air 
equal  to  that  of  97  cubic  inches  of  dephlogifiicated  air  and  7 of 
phlogiflon,  will  contain  7 gr.  of  phlogiflon.  Now,  97  cubic 
inches  of  dephlogifiicated  air  weigh  40,74  gr. ; to  which, 
adding  7 gr.  we  have  the  whole  weight  of  the  fixed  air  equal 
47*74  gr-  = 83,755  cubic  inches  ; and  confequently  100  cubic 
inches  of  fixed  air  contain  8,357  gr.  of  phlogiflon , and  the 
remamder  elementary  air.. 

100  gr.  of  fixed  air  contain  14,661  of  phlogiflon  and  85,339 
of  elementary  air  ; which,  when  flripped  of  phlogiflon,  and 
impregnated  with  its  proper  proportion  of  elementary  fire,  be- 
comes again  dephlogifiicated  air.  Hence  alio,  100  cubic 
inches  of  dephlogifiicated  air  are  converted  into  fixed  air  by 
7I2165  gr.  of  phlogiflon,  and  will  be  then  reduced  to  the 
bulk  of  86,34  cubic  inches. 

And  reciprocally,  100  cubic  inches  of  fixed  air,  being  de- 
'Compofed,  will  afford  1 1 5,821  cubic  inches  of  dephlogifiicated 
air,  and  part  with  7,2165  gr.  of  phlogiflon,  fuppofing  the 
decompofition  to  be  complete ; that  is*  the  dephlogifiicated  air 
abfoutely  pure. 


Having  read  the  foregoing  account  of  the  nature  of  fixed 
air  to  Dr.  priestley,  I had  the  fatisfa£lion  to  find  it  met  with 
his  entire  approbation,  which  he  authorized  me  to  mention, 
notwithflanding  what  he  had  advanced  to  the  contrary  in  his 
lafl  publication. 


OF 
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OF  THE  QUANTITY  OF  PHLOGISTON  IN.  * 

VITRIOLIC  AIR. 

The  method  I purfued  was  this  : 

iff,  I found  the  quantity  of  nitrous  air  a given  weight  of 
copper  afforded  when  diffolved  in  the  dephlogifficated  nitrous 
acid,  and  by  that  means  how  much  phlogifton  it  parts  with. 

adly,  I found  the  quantity  of  copper  which  a given  quantity 
of  the  dephlogifficated  vitriolic  acid  could  diffolve;  and  ob- 
ferved,  that  it  could  not  diffolve  the  greateft  quantity  of  cop- 
per without  dephlogifticating  a further  quantity  which  it  does 
not  diffolve. 

3dly,  I found  how  much  it  dephlogifticates  what  it  thoroughly 
diffolves,  and  how  much  it  dephlogifticates  what  it  barely 
calcines. 

4thly,  How  much  inflammable  air  a given  quantity  of  cop- 

...  * 

per  affords  when  diffolved  in  the  vitriolic  acid  to  the  greateft 
advantage. 

5thly,  I deduct  from  the  whole  quantity  of  phlogifton  ex- 
pelled by  the  vitriolic  acid  the  quantity  of  it  contained  in  the 
inflammable  air ; the  remainder  (hews  the  quantity  of  it  con- 
tained in  the  vitriolic  air. 

The  particulars  were  as  follows  : 

iff,  1 00  gr.  of  copper  diffolved  in  the  dephlogifficated  ni- 
trous acid  afforded  me  67,5  cubic  inches  of  nitrous  air,  which, 
according  to  the  before  mentioned  calculation,  contain  4,52  gr. 
of  phlogiffon. 

2dly,  100  gr.  of  real  vitriolic  acid  take  up  or  diffolve  54,73 
of  copper,  and  ico  gr*  of  copper  require  about  182,714  gr. 

of 
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of  real  vitriolic  acid  to  difldve  them.  Again,  too  :gr.  of  cop- 
per, when  diffolved  m tire  vitriolic  acid,  retain  only  much 
phlogifton  as  is  contained  in  three  cubic  inches  of  nitrous  .air, 
that  is,  0,2  of  a grain.;  therefore,  fince  i-oo  gr.  of  copper 
give  out  4,52  of  phlogifton,  the  vitriolic  acid  ft  rips  it  of  4,52 
-0,2,  that  is,  4,32  gr.  of  phlogifton. 

3dly,  To  difl'olve  70  gr..  of  copper  in  the  vitriolic  acid,  to 
the  greateft  advantage,  20  more  muft  be  (lightly  dephlogiftf- 
cated ; therefore.,  to  diftol.ve  10.0  gr.  of  copper  in  this  acid, 
28,6  more  muft  he  (lightly  dcphlogifticated.  5 .grs,  ot  this 
(lightly  dephlogifticated  calx  afforded  4 cubic  inches  of  nitrous 
air  ; therefore,  28,6  would  afford  -14,3,  which  contain  0,958 
gr.  of  phlogifton  ; but  28,6  gr.  of  copper.,  before  any  deplilo- 
gifti cation,  contain  1,292  gr.  of  phlogifton  ; therefoi e,  they 
lofe  .by  this  (light  dephlogiftica-tion  0,344  of  a grain  of  phlo- 
gifton, Hence,  when  100  gr.  of  copper  .are  diflolved  in  the 
vitriolic  acid,  the  quantity  of  phlogifton  expelled  is  4>32  + 
0,34  = 4,66  gr, 

4thly,  The  quantity  of  inflammable  air  afforded  by  the  moft 
advantageous  folution  of  100  gr.  of  copper  in  the  vitriolic  acid 
is  1 1 cubic  inches,  which  amount  to  0,385  of  a grain  of  phlo- 
gifton 

5thly,  The  folution  of  100  gr.  of  copper  in  the  vitriolic  acid 
afforded  over  mercury  75,71  cubic  inches  of  air;  but  of  this 
only  1 1 cubic  inches  were  inflammable  air,  the  remainder 
therefore  was  vitriolic  acid  air,  amounting  to  64,71  cubic 
inches. 

6thly,  Then  the  whole  quantity  of  phlogifton  expelled  during 
the  folution  of  100  gr.  of  copper  in  the  vitriolic  acid  is  4,66 
gr. ; of  .this  inflammable  aircontains  but  0,385  of  a grain  : the 

remainder  therefore,  which  confifts  of  4^75  Sr*  milft  be  con~ 
r tained 
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tamed  in  the  64,71  cubic  inches  of  vitriolic  air:  therefore,  100 
cubic  inches  of  vitriolic  air  contain  6,6  gr.  of  phlogijton , 

71,2  gr.  of  acid,  and  100  cubic  inches  of  this  air  weighing 
77  8 gr.  100  gr.  of  this  air  contain  8,48  gr.  of  phlogijton  and 
91,52  of  acict. 


OF  THE  QUANTITY  OF  PHLOGISTON 

IN  SULPHUR. 

This  I endeavoured  to  find  by  eftimating  the  quantity  of 
fixed  air  produced  during  its  combuftion. 

To  the  top  of  a glafs  bell,  which  was  open,  I firmly  tied 
and  cemented  a large  bladder,  defhned  to  receive  the  air  ex- 
panded by  combuftion,  a quantity  of  which  generally  efcapes 
when  this  precaution  is  not  afed.  Under  this  bell,  which  con- 
tained about  30°°  cubic  inches  of  air,  I placed  a candle  ot  ful- 
phur,  weighing  347  §r.  » its  wick  (which  was  not  con  Turned^ 
weighed  half  a grain  : it  was  fupported  by  a very  thin  concave 
plate  of  tin,  to  prevent  the  fulphur  from  flowing  over  during 
the  combuftion,  and  both  were  fupported  by  an  iron  wire, 
fixed  on  a fhelf  in  a tub  of  water.  As  foon  as  the  lulphur  was 
fired  with  a very  feeble  flame,  it  was  covered  with  the  bell,  the 
air  being  fqueezed  out  of  the  bladder.  The  infide  of  the  bell 
was  foon  filled  with  white  fumes,  fo  that  the  flame  could  not 
be  feen.  In  an  hour  after,  the  fumes  thoroughly  fubfided,  and 
all  wras  cold.  The  water  rofe  within  the  bell  to  a height  equal 
to  87,2  cubic  inches;  whence  I deduce  that  87,2  cubic  inches 
of  fixed  air  were  produced,  which  contain  7,287  gr.  of  phlo- 
gifton,  which  feparated  from  the  vitriolic  acid,  and  united  to 
the  dephlogifticated  part  of  the  common  air  under  the  bell. 
Vol.  LXXI1.  u h . The 
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The  candle  of  fulphur  being  weighed,  was  found  to  have  loft 
2°,75gT. ; therefore,  20,75  gr.  of  fulphur  contain  7,287  gr. 
of  phlogifton,  befides  the  quantity  of  phlogifton  which  re- 
mained in  the  vitriolic  air.  This  air  muft  have  amounted  to 
2°’75  ~ 7*287  = > 3, 463  gr.  which  contain  1,141  gr.  of  phlo- 
gifton; therefore,  the  whole  quantity  of  phlogifton  in  20,7  5 
gr.  of  fulphur  is  8,4  S gr. ; therefore,  100  gr.  of  Jutphur  con- 
tain 40,61  gr.  of  phlogijton  and  59,59  of  vitriolic  acid. 

Several  attempts  have  hitherto  been  made  to  determine  the 
proportion  of  the  conftituent  parts  of  fulphur ; but  all  were 
evidently  defective.  The  firft  was  that  of  stahl,  who  calcu- 
lated the  quantity  of  phlogifton  from  that  of  the  acid  remain- 
ing after  flow  combuftion  ; but  as  much,  both  of  acid  and 
phlogifton,  was  diftipated,  and  as  the  remaining  acid  was  alfo 
phlogifticated,  and  attracted  much  of  the  moifture  of  the  air, 
no  conclufion  whatever  could  be  drawn  from  this  experiment. 
The  fecond  method  was,  to  form  a liver  of  fulphur,  and  con- 
vert this  by  a gentle  long  continued  heat  into  a tartar  vitriolate, 
and  then  calculate  the  weight  a given  quantity  of  alkali  would 
gain  by  this  operation.  This  was  alfo  deviled  by  stahl,  and 
followed  by  brandt  and  newman,  and  by  it  they  determined 
the  proportion  of  phlogifton  to  that  of  acid  to  be  nearly  as  1- 
to  16.  But  during  the  formation  of  the  liver  of  fulphur, 
whether  in  the  moift  or  dry  way,  much  of  the  phlogifton  and 
acid  is  diftipated,  as  is  evident  by  the  vapour  and  fmell  that 
proceed  from  it,  their  alkali  alio  contained  fixed  air,  which  it 
loft  during  the  operation,  and  of  which  they  kept  no  account, 
as  they  were  ignorant  of  its  exiftence ; and  the  tartar  vitriol 
formed  by  them  or  lal  polycrefte  retained  much  undecompoled 
fulphur,  as  always  happens  when  it  is  not  ftrongly  heated;  fa 
that  this  method  alfo  was  very  imperfeff:,  however  fome  fub- 
\ 
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fequent  chemifts  who  made  the  experiment  with  more  care 
concluded  from  it,  that  fulphur  contained  one- feventh  of  phlo- 
giftotl.  EXLEBEN,  § 760. 

By  weighing  flowers  of  fulphur  in  a perforated  brafs  box  in 
water,  I found  its  fpecific  gravity  to  be  1,924.  It  remained  in 
the  water  a quarter  of  an  hour  before  any  air  iffued  from  it, 
and  then  fome  bubbles  arofe  ; but  when  I opened  the  box,  I 
found  the  middle  part  of  the  flowers  quite  dry,  fo  that  I 
make  no  doubt  but  fome  air  hill  remained,  and  that  its  fpecific 
gravity  is  ftill  greater.  Mr.  petit  weighed  it  in  oil,  and 
found  its  fpecific  gravity  2,344,  which  I believe  to  be  nearly 
the  truth. 


OF  THE  QUANTITY  OF  PHLOGISTON  IN 

MARINE  ACID  AIR. 


8 gr.  of  copper  diflolved  in  colon rlefs  fpirit  of  fait  afforded 
but  4,9  cubic  inches  of  air,  when  the  air  was  received  over 
water,  and  this  air  was  inflammable. 

8,5  gr.  of  copper  being  diflolved  in  the  fame  quantity  of  the 
fame  fpirit  of  fait,  and  the  air  received  over  mercury,  afforded 
91,28  cubic  inches  of  air;  but  of  thefe  only  4,9  cubic  inches 
were  inflammable  air;  the  remainder,  therefore,  viz.  86,38 
were  marine  air,  which  weigh  56,49  gr. 

Now,  as  fpirit  of  fait  certainly  does  not  dephlogifticate  cop- 
per more  than  the  vitriolic  acid  does,  it  follows,  that  thefe 
4,9  cubic  inches  of  inflammable  air,  and  86,38  cubic  inches 
of  marine  air,  do  not  contain  more  phlogifton  than  would  be 
feparated  from  the  fame  quantity  of  copper  by  the  vitriolic 
acid  : and  fince  1 00  grains  of  copper  would  yield  to  the  vitriolic 

H h 2 acid 
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acid  4,32  gr.  of  phlogifton,  8,5  gr.  of  copper  would  yield 
0,307  of  a grain  of  phlogifton;  this  then  is  the  whole  quan- 
tity extracted  by  the  marine  acid,  and  contained  in  91,28  cubic 
inches  of  air,  and  deducting  from  this  the  quantity  of  phlo- 
gifton contained  in  4,9  cubic  inches  of  inflammable  air 
( — 0,171  of  a grain),  the  remainder,  viz,  0,367-0,171  = 
0,196  is  all  the  phlogifton  that  can  be  found  in  86,38  cubic 
inches  of  marine  air.  Then  ico  cubic  inches  of  marine  air  can 
contain  but  0,227  nearly  of  a grain  of  phlogifton  65,173  of  acid. 

Hence  we  fee  why  it  a<£ts  fo  feebly  on  oils,  fpirit  of  wine,  &c. 
having  a very  fmall  affinity  to  phlogifton  ; and  why  it  is  not 
diflodged  from  any  bafis  by  uniting  with  phlogifton,  as  the  vitri- 
olic and  nitrous  acids  are,  its  affinity  to  it  being  inconfiderable. 
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XVI.  Del  modo  di  render  fenfbilifilma 
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la  piii  debole  Kiel  trial  a fia 
Alexander  Volta,  Pro - 


fejfior  of  Experimental  Philofophy  in  Como,  &c.  of, ; commu- 
nicated by  the  Right  Hon.  George  Earl  Cowper,  F.  R . S. 


Read  March  14,  1 78  2. 

!.  T T N apparechio,  die  portando  a uno  ftraordinario  mgran- 

v J dimento  1 fegni  elettnci  fa  li,  che  oiiervabile  divenga 

e cofpicua  quella  virtu,  che  altrimenti  per  lefhema  Ilia  debo- 

lezza  sfuggirebbe  r noftri  fenfi,  ogiiun  comprende  di  quale  e. 

quanto  vantaggio  ha  per  nufcire  nelle  ncerche  lull  eletti  iota., 

e maffime  intorno  alia  naturale  atmosferica,  la  quale,  come 

fappiamo,  non  in  ogni  tempo,  anzi  affai  di  rado,  alloia  fola- 

niente  cioe  che  il  cielo  e ingombro  di  nuvoloni  fcuri  e tem- 

peftofi,  avvienne  che  ci  renda  fenhbile  ne’  conduttori  ordinari 

non  molto  elevati,  e appena  e che  in  altri  tempi  ne  moftri 

qualche  indizio  in  quelli  elevatiffimi,  o ne  cervi  volanti 

portati  all’  altezza  di  piu’  centinaja  di  braccia.  Oi  im  tale 

^pparecchio,  merce  di  cui  1111  conduttore  atmosferico,  an  che  di. 

non  grande  elevazione,  vi  dia  fegni  ad  ogn  ora  e in  ogni  cofti- 

tuzione  di  tempo,  molto  cliiari  e diflinti  di  quel  qualhlia  picciolo 

elettrizzamento  che  in  lui  induce  l’atmosfera,  ecco  io  ve  lo  pre- 

fento  nel  mio  elettroforo : in.  quella  femplice  macchina,  che  e 

ormai  nelle  mani  di  tutti,  e che  fe  altro  pregio  pur  non  avehfe 

verrebbe  abbaftanza  raccomandata  agl’Elettricihi  per  queffo  che 

lor  offre  facile  mezzo  di  fpiare  la  piu  languida  e impercetnbde 

elettricita  fi  naturale  che  artificiale,  con  tirarla  fopra  di  se,  ed 

accumularla 
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accumularla  al  punto  di  promoverne  e in  vigor!  rne  per  fingohr 
maniera  i feg-ni. 

O 

2.  In  vcro  ogni  volta  die  quefti  mancano  neli’  ordinario  modo 
di  fperimentare,  e ne  fcintilla  icorgefi  ne  cenno  benche  minimo 
di  attraimento,  il  dire  che  pur  vi  fia  elettricita,  fora  un’  afler- 
zione  gratuita,  anzi  un  giudicare  contro  ogni  apparenza.  Mal- 
grado  quefto  non  poffiamo  neppur  dire  accertatamenta  che  punto 
non  ve  n*  abbia : e il  concluderlo  da  cio  folo  che  niun  fegnoper 
anco  ci  fi  moftra,  e un  precipitare  il  giudizio ; imperocche 
chi  ci  aflicura  che  qualche  elettricita  ivi  non  fi  truovi  realmente, 
ma  coli  debole  da  non  poter  attrarre  tampoco  un  legger  filo  ? 
Or  quefto  e che  c’importa  in  mold  cafi  di  fapere,  fpecialmente 
quando  fi  tratta  di  elettricita  naturale.  Un  conduttore  atmofi- 
ferico  poco  elevato  non  da  ordinariamente  fegni,  come  gia  ft  e 
detto,  che  quando  gli  fovrafta  ofcuro  nembo : a cielo  coperto 
d’alte  nubi  fparfe  o diftefe  equabilmente,  quando  Faria  e ingom- 
brata  da  nebbie,  in  tempo  di  pioggia  placida  ed  anche  dirotta, 
tranne  qualche  rovefcio  improvvifo,  raro  e che  fcorger  vi  fi 
pofta  alcun  indizio  di  elettricita,  o nulla  mai  a ciel  fereno,  fia 
placido,fia  ventofo.  Stando  pertanto  alle  apparenze,  e al  giudizio 
di  un  elettrofcopio  comune,  anche  de  piu  fenfibili,  direbbeftche 
il  conduttore  non  e elettrizzato  punto,  e che  per  confeguenza 
non  domina  elettricita  di  forta  ne’  campi  dell’  aria  poco  alti  ove 
quel  conduttore  porta  la  tefta.  Eppure  non  e cosi : un  altro 
elettrofcopio  di  gran  lunga  migliore  qual  veramente  puo  dirfi  il 
noftro  apparechio,  giacche  ne  adempie  con  tanto  vantaggio  le 
funzioni,  ci  fa  vedere  che  da  qualche  elettricita  e pur  fempre 
mveftito  quel  conduttore,  avvegnache  ne  ft  moftri  di  per  fe 
affatto  inerte  : ci  fa,  dico,  vedere  e toccar  con  mano  ch’  egli  non 
ne  e mai  privo  afftitto ; onde  convien  giudicare  in  egual  modo 
che  non  ne  e mai  priva  l’aria  che  lo  circonda.  Ed  ecco  come 

reftiamo 
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reftiamo  convinti  che  anche  alia  piu  bafla  regione  deli’  atinof- 
fera,  e fino  a pochi  piedi  da  terra  s’eftende  l’azion  coftante  e 
perenne  dell’  elettricita  naturale.  Cotal  elettricita  febbene  in- 
lenfibile  ri manga  finche  da  quel  tratto  d’atmosfera  fi  comunica 
loltanto  al  detto  conduttore  ; ove  poi  per  mezzo  di  lui  fi  comu- 
nichi  infiememente  all*  elettroforo  noftro,  fi  raccora  entro  a 
quefto  piu  facilmente,  e in  maggiore  copia*  ; fi  e per  tal  modo, 
che  forger  quindi  potranno  i noti  fegni  di  attrazzione  e di 
ripuliione  fenfibili  abbaftanza  per  dinotarci  fenza  equivoco  non 
che  l’efiftenza,  la  fpecie  ancora  dell’  elettricita,  cioe  fe  pofjiva 
o negativa . Che  piu  ? non  manchera  talora  di  comparire  per 
fino  qualche  fcintilluzza.  Ogniqualvolta  poi  il  conduttore  defie 
gia  di  per  fe  qualche  fegno,  movendo  alcun  pocoun  legger  filo, 
afpettatevi  pure  col’  foccorfo  del’  noftro  apparecchio,  fcjntille 
pungenti,  e ogn’  altro  fegno  vigorofilfimo. 

3.  Ma  veniamo  fenza  pin  al  modo  di  far  fervire  all*  intento 
cotal  apparecchio,  a cui  in  quefto  cafo  meglio  che  il  nome  die 
altronde  porta  di  elettroforo,  l’altro  gia  indicato  di  elettrofco - 
p;o , anzi  pure  quello  di  micro-elettrofcopio  potrebbe  convenire. 
Ma  io  amo  meglio  di  chiamarlo  condenfatore  dell’  elettricita, 
per  ufare  mi  termine  femplice  e piano,  e che  elprime  a uiv 
tempo  la  ragione  e il  modo  de  fenomeni  cfi  cui  fi  tratta,  come 
vedrafti  nella  23  parte  del  prefente  fcritto.  Tutto  dunque  fi 
riduce  a quefte  poche  operaz>oni. 

(A)  Convien  prendere  un  piatto  d’elettroforo,  che  abbia  l’in- 
croftatura  di  refina  aflai  fottile,  e a cui  o non  fia  ftata  dianzi 
imprefl'a  alcuna  elettricita,  o fie  xnai  vi  e ftata,  vi  fi  fia  fpenta 
affatto. 

(B)  A quefta  fiiccia  refinofa  immune  da  ogni  elettricita  fi 
foprapponga  convenientemente  il  fuo  fcudo  (cofi  io  chiamo  la 

* Come  cio  iegua  ii  fpieghera  Bella  a3  parte  di  quefta  memoriav 

lamina. 
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■lamina  fuperiore  dell*  elettroforo)  : voglio  dire  le  fi  npplichi -a 
combaciamento,  e h collochi  nel  bel  mezzo  in  modo,  che  non 
tocchi  in  ale un  punto  1 orlo  metallico  oel  piatto,  ma  rirnanga 

ilolato. 

(C)  Coii  congiunti  effendo  h adattino  lotto  al  filo  conduttore 
dell’  elettricita  atmosferica  in  guifa,  che  lo  feudo  venga  toccato 
dove  che  ha  dal  detto  filo,  egli  folo  lo  feudo,  e in  niun  modo  ll 

piatto. 

(D)  In  quefta  fituazione  h lafeino  le  cofe  per  un  certo  tempo, 
finche  lo  feudo  poffa  aver  raccolta  competente  dole  di  quell’ 
elettricita,  che  dal  filo  conduttore  gli  s lftilla  lentifhmamente. 

(E)  Da  ultimo  fottraggafi  al  contatto  e influffo  del  filo  con- 
duttore lo  feudo  tuttavia  unito  al  fuo  piatto;  indi  fi  difgiunga 
anche  daquefto,  levandolo  in  alto  al  confueto  modo  per  il  luo  ma- 
nico  ifolante  : e allora  fara  che  fe  ne  otterranno  gl’  afpettati  fegm 
cofpicui  di  attrazione,  di  ripulhone,  e di  qualche  fcintilla  ezian- 
dio,  di  pennoncelli  &c.  nel  tempo  che  il  conduttore  di  per  fe 
non  giugna  a moflrar  nulla,  o appena  un’  ombra  di  elettricita. 

4 . Ho  detto  (prec.  D)  che  il  hlo  conduttore  debbe  toccare 
lo  feudo  per  un  certo  tempo.  Quanto  pero  non  e facile  il  deter- 
minarlo,  dipendendo  dalle  circoftanze.  Taloia  \i  abbiiogne- 
ranno  8.  io.  e piu  minuti ; quando  cioe  il  conduttore  da  par  fe 
folo  non  fa  vedere  il  minimo  fegno  di  elettricita  : altre  volte  piu 
poco.  Che  fe  un  debole  indizio  pur  vi  compariffe,  tantoche  un 
legger  hlo  faceffe  cenno  d’efferner  attratto,  bafteria  in  tal  cafo 
lafeiar  in  contatto  di  eflo  conduttore  il  noftio  feudo  fol  pochi 
fecondi,  per  abilitar  quefto  a dar  fegni  molto  vivaci. 

5.  Una  cofa  h vuol  o her v are  rifpetto  al  hlo  conduttore  me- 
dehmo,  ed  e ch’  egli  ha  ben  continuo,  o fe  e poffibile  d’un 
pezzo  folo  dall’  alto  hno  al  ba ho,  dove  viene  a comunicare  collo 

feudo:  cioe  h dee  evitare  aholutamente ogni  interruzione,  e il 

piu 
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piu  che  fi  puo  ancora  la  femplici  giunture  ad  anello  od  uncino, 
per  la  ragione  che  ciafcuna  di  tali  giunture  portando  un  qualche 
impedimenta  al  paflagio  dell’  elettricita,  avvenir  puo  che  quella, 
che  contrae  il  conduttore  in  alto,  s’arrefli,  lie  giunga  al  luogo 
defiderato,  cioe  lino  alio  fcudo.  Cosi  fuccedera  diffatti  ogni 
qualvolta  l’elettricita  e deboliffima,  fe  in  luogo  d’un  filo  metal- 
lico  continuo,  una  catena  di  piu  annelli  da  quello  pendente  venga 
a toccare  coteflo  fcudo.  Non  fi  creda  per  queflo  che  una  fola 
giuntura  o due  poflano  egualmente  impedire  la  riufcita ; ma 
lie  verra  fempre  del  pregiudizio : e qualora  l’elettricita  foffe 
eftremamente  debole,  potrebbe  si  per  l’indicato  difetto  man- 
care  del  tutto  l'efperimento. 

6.  Riguardo  all’  elettroforo  da  adoperarfi  altre  offervazioni 
rimangono,  di  cui  ora  mi  convien  parlare.  E la  prima  accennata 
fopra  al  § 3.  (let.  A)  fi  e che  lo  ftrato  refinofo  importa  molto 
che  fia  fottile,  avendo  io  fempre  provato  che  quanto  piu  lo  c 
tan  to  maggior  dofe  di  elettricita  permette,  anzi  facheli  raccolga 
entro  alio  fcudo  cui  porta  indoffo,  di  quell’  elettricita,  dico  che 
gli  s’infonde  o dall’  atmosfera  per  mezzo  del  filo  conduttore,  o 
da  qualfivoglia  altra  potenza  elettnca.  Se  foffe  pertanto  fie  fa  la 
refill  a alia  fpeflezza  d’un  quarto  di  linea,  o non  maggiore  di  una 
mano  di  varnice,  riufcirebber  le  prove  ottimamente ; ficcome 
all’  incontro  eflendo  grofla  un  pollice  o piu,  andiebber  le  coic 
malifiimo. 

7.  In  fecondo  luogo  la  fuperficie  di  effa  refina  debb’  eflere 
quanto  fi  puo  piana  e lifcia,  e piana  e lilcia  fimilmente  l’inferior 
faccia  del  lo  fcudo,  ficche  vengano  a combaciarfi  bene  (ivi  let. 
B).  E noto  quanto  un  miglior  combaciamento  favorifca  gli  effetti 
dell’  elettroforo  ; ond’  ebbi  ben  ragione  di  raccommandar  quefla 
come  una  delle  principal!  condizioni  nella  defer izione  che  pub- 
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blicai  a fuo  tempo  di  quefta  machina*.  Ma  e an  cor  piu 
grande  l’influenza,  che  l’ampio  e perfetto  contatto  ha  fopra 
fiiteflb  npparecchio,  ailorche  ii  medefimo  agifce  in  qualita  di 
condenfatore. 

8.  Da  ultimo  merita  particolar  attenzione  quanto  alia  gia 
citata  let.  A fi  e prefcritto,  che  alia  faccia  refinofa,  cui  fi 
applica  lo  fcudo,  non  dee  efi'ere  imprefla  alcuna  elettricita.. 
La  ragione  per  cui  vuolfi  che  ne  fia  afFatto  priva  ella  e,  che 
altrimenti  i fegni  dello  l'cudo,  ailorche  s’alza,  diverrcbhero  equi- 
voci,  non  eflendo  piu  la  lola  elettricita  trasfufa  in  eflo  fcudo  dal 
conduttore  atmosferico  quella  che  giuoca,  ma  infieme  anche 
l’altra  occafionata  da  If  elettricita  imprefla  ed  inerente  alia  faccia 
refinofa  : quandoa  noi  importa  di  efplorare  la  fola  fopraveniente 
la  detto  fcudo. 

Se  dunque  la  faccia  refinofa  del  piatto,  di  cui  volete  fervirvi\ 
e rimafta  fempre  intatta,  va  bene.  Ma  fe  e flata  gia  eccitata,  e 
vi  fi  mantiene  tuttavia  parte  dell’  imprefla  elettricita,  egli  con- 
vien  fare  di  tutto  per  ifpegnarla ; cio  che  non  e fi  agevol  cofa. 
II  pafl'arvi  fopra  un  panno  alquanto  umido,  applicandolo  ben 
bene  a tutta  la  fuperficie>  e un  de  mezzi  piu  efficaci  ch’  io  mai 
abbia  trovato  -fi  ; pur  non  toglie  talvolta  che  dopo  qualche  tempo 
lo  fcudo  pofatovi  fopra,  e previo  il  folito  toccamento,  rialzato, 
non  attragga  fenfibilmente  un  filo.  Lo  fleflo  fuccede  non  di 
raro  anche  dopo  aver  tuffato  tutto  il  piatto  nelf  acqua,  lafcia- 
tovelo  un  pezzo,  e quindi  Lttolo  rafciugare  all’  aria,  Lo 
fquagliare  la  fuperficie  della  refina  al  fuoco  o al  foie,  e forfe  il 
piu  licuro  fpediente  per  fame  fvanire  tutta  quanta  l’elettricita, 

* Si  truova  quefta  defcrizione  in  un  colic  principal!  efperienze,e  unpiccol  faggio 
di  fpiegazione, in  due  memorie  indirizzate  in  forma  di  lettera  al  Dr.  Priestley,  e 
pubblicate  in  un’  opera  periodica  di  Milano  intitolata  Salta  d'Qprtfcoli  intcrcjjdntiy 
j ©r  1’anno  1 775. 

t Vegg.  l’accennata  defcrizione  dell’  clsttroforo. 
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ficche  non  ne  rimanga  pur  ombra  o veftigio  nelia  ftefla  refina, 
rafifodata  che  lia  *.  Una  maniera  piu  fpedita  e di  far  pafiars  fopra 
tutta  la  faccia  della  refin  a la  fiamma  di  una  candela,  o d’un 
foglio  di  carta  accefo.  A qualunque  perb  di  tai  mezzi  lino  fi 
appigli,  per  accertarii  che  1’ elettricita  fia  fpenta  a fegno  che  piu 
non  pofla  aver  parte  alcuna  l’azione  propria  dell’  elettroforo  agli 
effetti  che  rifultar  debbono  unicamente  dall’  elettricita  infufa 
allofcudo  dal  conduttore  atmosferico,  canverra  far  prima  laprova 
i'e  pofiito  efifo  leudo  fulla  faccia  refinoia,  toccato  col  dito,  e rial- 
zato  al  confucto  modo,  non  mova  neppure  un  fottilifiimo  pelo  : 
allora  non  producendo  alcun  effetto  in  qualita  d’elettroforo,  fer- 
vira  ottimamente  all’  altr’  ul'o,  cui  vien  deftinato,  di  condenfatore 
dell’  elettricita. 

9.  Se  mi  fi  dimandafie  ora  a qual  grado  giunga  nel  deferitto 
apparecchio  cotal  condenfazione  dell’  elettricita,  cioe  a quanto 
maggior  forza  forger  poffano  i fegni  elettrici  nello  leudo  quando 
s’  alza,  rifponderei  che  non  e facile  il  determinarlo,  dipen- 
dendo  da  molte  circoftanze.  Che  perb,  le  altre  cofe  pari, 
l’au  men  to  e maggiore  in  ragione  che  il  corpo  che  fornifee 
l’elettricita  alio  fcudo  fi  truova  avere  maggiore  capacita ; 
ed  e piu  grande  in  proporzione  che  la  forza  elettrica  im- 

* E ltato  creduto  per  molto  tempo  che  il  calore,  e molto  piu  la  liquefazione 
del  folfo  e delle  refine,  baftalfe  fenz’  altro  ad  eccitarvi  l’elettricita.  Ma  tranne 
la  tormalina,  ed  alcune  altre  pietre,  che  si  veramente  concepifcono  1’elettricita 
pel  folo  calore,  le  refine  e il  folfo  non  e mai  che  lo  facciano,  fe  loro  non  foprav- 
venga  qualche  ftropicciamento,  o tocco  almeno  d’altro  corpo.  L’errore  e nato, 
come  ha  avvertito  il  Prof,  eeccaria  con  altri,  da  che  ogni  legger  tocco  della  mano, 
o di  checche  altro  puo  baftare  in  tali  circoftanze  favorevoli.  Senza  quefto  la 
materia  fufa  abbandonata  a fe  ftelfa  nel  rapprenderfi  e dopo,  tanto  e lungi  che  cont- 
ragga  alcuna  elettricita,  che  anzi  perde  quella  qualunque  che  per  forte  aver  potefle 
prima  della  fufione,  come  le  nofire  fperienze  ci  afficurano.  Ne  fia  meraviglia  : 
giacche  tutti  i corpi  coibenti  per  un  forte  grado  di  calore  divengono  conchittori : 
e i corpi  refinofi  inifpecie  lo  fono  gia  quando  fi  trovan  molto  rammolliti,  e piu  al- 
lorche  cominciano  ad  entrare  in  fufione. 
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piegata  e piu  debole.  Cos!  vedemmo  giu  che  fe  il  conduttore 
atmosferico  non  ha  la  forza  di  alzare  d’un  grado  il  pendolino 
dall’  elettrometro,  movendo  appena  im  lottil  pelo,  ed  anche 
meno  di  quefto,  potra  tuttavia  abilitare  lo  feudo  non  che  a 
vibrar  rdettrometro  a piu  gradi  alto,  ma  a fcagliare  pur  anche 
vivace  fcintilla  (§  2.  e feq.).  Ma  fe  l’elettricita  nel  conduttore 
atmosferico  fara  piu  forte  a fegno  di  dare  qualche  fcintilletta,  di 
mandare  rdettrometro  a 5.0,6  gradi,  lo  feudo  che  ricevera  quefta 
elettricita,  dara  gli  e vero  una  fcintilla  aflki  piu  forte,  e 1’  elet- 
trometro vibreraffi  al  piu  alto  punto  ef.  gr.  a 100  . 120  gradi. 
Ad  omai  modo  e vifibile  che  la  condenfazipne  dell’  elettricita  ne 
in  queffo  e minore  che  nel  pp.  cafo,  in  cui  venue  aumentata  fi, 
ma  non  di  60  volte,  la  ragione  e che  al  di  la  del  maflimo  non  fi 
puo  andare,  cioe  di  quel  grado  a cui  giunta  l’elettrrcita  fi  diffipa 
da  fe  ftefla  aprendofi  il  paflagio  per  tutto.  Dunque  a mifura 
che  la  potenza  elettrica,  la  quale  fi  applica  alio  feudo  pofato,  e 
piu  vicina  a tal  fommo  grado,  minor  accrefcimento  puo  ricevere 
dall’  apparecchio  condenfatore.  Ma  che  bifogno  abbiamo  nor 
allora  di  lui,  e tutte  le  volte  che  l’elettricita  e gia  fenfibile  e forte 
abbaflanza  ?: 

L’ufo  a cui  vien  deftinato  e di  fottrarre,  e raccolta  fopra  di  fe 
fufficiente  dofe  render  lenhbile  quella,  che  e languida  affatto  e 
impercettibile*  finche  rimane  nel  gran  conduttore  in  pace  (1.). 

10.  Quando  dunque  il  conduttore  vi  da  gia  da  fe  folo  fegni 
abbaftanza  diftititi  di  elettricita,  non  accade  ricorrere  all’  altro 
apparecchioi  Diro  dippiu  che  il  farlo  puo  produrre  ua  grande 
inconveniente,  ed  e,  che  per  poco  che  l’elettricita  del  condut- 
tore fia  vigorofa,  a fegno  di  dare  qualche  fcintilla,  avviene 
allora  che  facendogli  toccare  lo  feudo,  l’elettncita  non  fi  arrefti 
in  lui  folo,  ma  che  paffi  in  parte  ad  imprimerfi  alia  faccia  reii- 
fiofv  cui  copre  ; onde  in.  feguito  l’apparecchio  prenda  a fare  1c 
2:  funzioni 
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funzioni  di  vero  elettroforo  : cio  che  per  le  ragioni  gia  dette  (S.) 
ii  dee  con  ogni  ftudio  evitare. 

11.  Per  prevenire  un  tal  inconveniente  ho  penfato  di  furro- 
gare  al  piatto  incroftato  di  refina,  un  piano  che  non  fofle  vero  e 
perfetto  ifolante,  aflolutamente  impermeabile  al  fluido  elet- 
trico  ; ma  tale  tollmen te  che  opponefle  una  difcreta  refiftenza 
al  fuo  paflaggio,  come  una  laftra  di  marmo  afciutta  e politil- 
fima,  un  piattello  di  legno  fimilmente  afciutto  ed  arido,  oppure 
incroftato  di  geflo,  o meglio  ancora  mverniciato,  una  tela  mce- 
rata  fecca  e monda,  od  altro  fimile.  Alla  fuperficie  di  talicorpi 
non  avverra  d’ordinario  che  s’affigga  1 elettricita  potendo  appic- 
cata  che  fia  fcorrere  e trapaflare  per  entro  ad  efii ; o fe  pur  tal 
volta  ve  ne  rimanefle  un  pocolino,  quail  ftagnante,  fia  queha 
paflaggera,  m brevi  momenti  fvanita.  Qmndi  e clic  un  tal  ap- 
parecchio  inatto  alle  funzioiii  d’elettroforo  non  ce  ne  dara  i feno- 
meni ; ma  per  quefto  appunto  meglio  fervua  ail  altr  ufo  di 

condenfatore. 

12.  Softituendo  cofi  alio  ftrato- refinofo  o a qu alii voglia  altro 
coibente  perfetto  un  piano  o itrato  che  fia  mezzo  tia  coibmte  e 
de fere nte,  cioe  un  corpo  lfolantc  molto  impel fetto  e niiieme 
imperfettifiimo  con dut tore,  quail  fono  nelle  divifite  cncoffanzc 
gl’  indicati  corpi  (prcc.)  non  folamente  fi  toglie  o ii  fa  minors 
il  pericolo  di  quale  he  elettricita  che  pofla  impnmeiii  c i^-ftar 
aderente  alia  fuperficie  del  piatto,  la  quale  renderebbe  equivoche 
le  fperienze  delicate ; ma  innoltre  un  notabile  vantaggia  da  noi 
ii  ottiene,  ed  e che  lo  feudo  poiato  fu  tai  piani  non  aftatto  iio- 
lanti  cava  del  conduttore,  e ii  tira  addoflo  maggior  dole  di  elet- 
tricita, che  fe  poiato  fofle  fopra  uno  ftrato  refinofo)  od  altro- 
perfetto  coibente.  E come  detto  gia  abbiamo  (6*)  che  into 
ftrato  refinofo  quanto  e men  groflb,  tanto  pin  abilita  la  lamina 

che  gli.e  fovrappofla  ad  arricchirfi  di  elettricita  ; cofi  tale  itrato, 

ridotto- 
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ndotto  ad  una  femplice  vernice,  o intonaco  di  cera,  l’una  e 
1 altra  gia  men  coibente  della  refina,  e inline  ridotto  a niente, 
ioftituendovi  foltanto  una  luperficie  poco  defercnte,  comequella 
del  marmo  o del  legno  arido,  fomminiftra  alia  lamina  metallic;; 
Id  piu  fa  vo  re  vole  politura  che  mai  aver  pofla  per  raccogliere  nel 
fuo  feno  abondante  elettricita. 

13.  Guardhamoci  pero  nel  voler  ifcliivare  il  troppo  di  coi- 
benza  di  dare  nel  poco,  accoftandoci  ai  deferenti  perfetti,  o 
quafi  perfetti.  Non  bifogna  perder  di  villa,  che  la  luperficie 
del  piatto  dee  opporre  una  difcreta  reliltenza  al  trapaflo  del 
fluido  elcttrico,  per  rattenere  una  competente  dofe  di  elettricita 
nello  fcudo  addoffiuole  (1 Ma  bafta  che  cid  faccia  per  un 
qualche  piccioliffimo  tempo ; d’uopo  effendo  non  rare  volte  di 
tenervi  confinata  l’elettricita  otto,  died,  e piu  minmi,  quanti 
cioe  ne  impiega  il  conduttore  atmosferico  a raccoglier  dall’ 
aria,  ed  infondere  in  eflb  fcudo  tal  copia  di  elettricita,  che 
pofla  renderfi  fenfibile  e cofpicua  (3.  D.  4.). 

Dal  che  facilmente  s’intende  quanta  attenzione  pur  convenga 
e nella  fcelta  del  corpo  da  furrogarfi  alio  ftrato  di  refina,  e nella 
convenevole  preparazione  del  medefimo : la  quale  preparazione 
confifte  generalmente  in  certo  grado  di  efficcamento,  che  lo 
nduca  alio  ftato  di  femicoibente  ne  piu,  ne  meno.  Ad  ogni 
modo  fiameglio  peccare  per  ecceflb  di  coibenza,  che  per  difetto  • 
megho  prendere  un  piatto  qualfivoglia  incroftato  di  refina,  che’ 
un  defco  di  legno  nudo  non  aridiffimo,  una  laftra  d’oflo,  od 
una  di  marmo  comune  non  previameute  rifcaldato  al  foie  o al 
fuoco : giacclie  niun  oflb,  e pochiflimi  tra  i marmi  ho  trovato 
che  valgano  a tener  confinata  l’elettricita  nello  fcudo  che  cora- 
baciano  oltre  ad  un  minuto  o due  al  piu,  fe  abilitati  non  ven- 
gano  da  un  convenevole  rifcaldamento.  Difpofti  pero  cite  fiano 
n tal  modo,  c ove  fingolarmente  incontrata  fi  fia  ottima  qualita 

nel 
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nel  marmo,  riefcono  a meraviglia,  e forpaffano  ogni  afpetta- 
zione ; onde  foflerro  fempre  con  ragione,  die  fi  fatti  piani  dl 
legno,  d’oflo,  di  pietra,  nudi  come  fono,  e ancora  notabiimente 
deferenti,  meritano  tuttavia  d’eflere  preferiti  a 1111  ordinario 
piatto  d’elettroforo  fornito  del  fuo  flrato  refinofo. 

14.  Venendo  ora  piu  davvicino  alia  maniera,  onde  pratica- 
rnente  fi  puo  ridurre  il  noftro  apparecchio  alia  maggior  per- 
fezione,  per  ritrarne  il  piu  gran  vantaggio,  dopo  aver  ricordato 
come  conviene  loprattutto  che  lo  kudo  s’adatti  bene  a com- 
baciamento  col  piano  fottopoflo  (3  lat.  B.  e 7.),  foggiugnerb 
che  per  ottener  cio  nel  miglior  modo  e bene  d’appigliarfi  ad  una 
laftra  di  marmo,  e quefta  infieme  alia  lamina  o fcudo  metallico 
fpianare  ben  bene,  lavorandole  una  fopra  l’altra,  finche  ban 
ridotte  a tale  perfetto  combaciamento,  che  ne  nafca  fenfibile 
coelione  tre  loro. 

Il  marmo  poi  cofi  lavorato  h eiponga  per  molti  giorni  al  calore 
d’una  flu  fa,  con  che  elpellendofi  l’umido  di  cui  anche  tali  pietre 
fono  fpeffo  inbevute,  verra  il  marmo  condotto  a queflo  flato 
d’imperfettiffimo  conduttore,  che  e l’ottimo  per  le  fperienze  di 
queflo  genere  (12.  1 3.);  e fi  manterra  tale  per  un  pezzo,  fol 
che  non  refli  lungamente  efpoilo  al  grand’  umidoj  poiche  pei 
quell’  umidore  che  puo  contrarre  accidentalmente,  e in  poco 
tempo,  non  e (Ten do  che  fuperficiale,  non  verra  effo  marmo  a 
deteriorarfi  notabiimente;  e baflera  prima  di  Iperimentare  el- 
porlo  per  alcum  mmuti  al  foie,  o pur  anche  afciugailo  con  un 
pannolino  caldo. 

15.  E qul  giova  avvertir  di  nuovo,  che  non  tutti  i marmi 
fono  egualmente  buoni.  In  generale  i piu  vecchi,  e che  da 
mol  to  tempo  fono  flati  guardati  dal  grand’  umido  riefcono  in- 
comparabilmente  meglio  che  quelli  tratti  di  frelco  dalla  cava, 

o flati  efpofli  lungamente  all’  ingiurie  dell’  aria ; onde  quefl 
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folamente  han  bifogno  dell’  efficcamento  nella  ftufa.  Ma  oltre 
di  cio  avvi  ancora  notabiliffima  differ  enza  tra  una  fpecie  e l’altra 
di  marmo  : ne  ho  trovato  di  tali,  che  fenza  rilcaldarli  ne  tam- 
poco  afcingarli  faimo  fempre  a meraviglia,  e di  tali  altri,  clic 
anche  con  una  tal  preparazione  11011  corriipondono  troppo  bene ; 
a meno  che  non  li  continui  loro  il’  caldo  durante  il  tempo  dell* 
efperienze.  Sopra  tutti  finora  ho  trovato  eccellente  il  bel 
marmo  bianco  di  Carrara.  Cio  non  pertanto  io  non  fo  abba- 
(lanza  raccomandare  di  rifcaldare  e queflo,  e gl’  altri  marmi, 
almeno  un  poco  innanzi  adoperarli : con  che  vantaggian  fempre 
per  eccellenti  che  iiano  ed  eflendo  cattivi  vengono  a migliorarfi 
Infignemente,  e ii  adagguagliarfi  ai  piu  buoni : anzi  poffo  dire, 
per  efperienza  che  la  maggior  parte  dei  marmi  di  lor  natura  poco 
buoni,  ove  fiano  ben  rifealdati  previamente,  e infeguito  fi  man- 
tengano  tiepidi  tutto  il  tempo  dell’  efperienza,  prevalgono  le 
non  a tutti  a mold  dei  migliori  non  punto  rifealdati. 

16.  A chi  pero  fembraffe  incomoda  quefla  preparazione  (la 
quale  per  altro  a che  fi  riduce  ? Ad  efporre  il  piatto  di  marmo 
al  foie,  od  a prefentarlo  per  poco  d’ore  innanzi  al  fuoco 
d’un  cammino,  o al  piu  tenerlo  fu  d’  uno  fealdavivande  ove 
fia  o cener  calda  o pochi  carboni  accefi)  io  fuggeriro  il  mezzo 
di  difpenfarfene  : baffa  di  dare  alia  faccia  piana  del  marmo 
una  buona  mano  di  vernice  copal,  da  afeiugarfi  quindi  in  una 
flu  fa  ben  calda  o in  un  forno  tantoche  prenda  un  color  d’ambra 
tirante  al  bruno.  La  vernice  medeiima  d’ambra  fare  ottima, 
become  pure  la  lacca.  Con  cio  non  lolo  i buoni,  ma  i cattivi 
marmi  eziandio  ferviranno  mjrabilmente  all’  in  ten  to  (che  li 
pure  un  gran  vantaggio)  e ferviranno  in  ogni  tempo  fenza 
previo  rifealdamento,  0 almeno  fenza  continuarlo  loro  durante 
■1’efperienza. 

J7* 
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17.  Appigliandoli  a queffo  fpedienre  della  vernice  fi  puo  be- 
niffimo  in  luogo  del  piatto  di  maraio  far  lervire  una  lamina  di 
metailo  egualeall*  altra  lamina  o lla  fcudo,  e refa  perfettamente 
Combaciante  col  lavorare,  come  fi  e detto  (14.),  i due  piani 
un  fopra  l’altro.  Se  la  vernice  fi  aefle  ad  amendue  le  faccie 
combacianti,  non  farebbe  male  ; ma  baflera  anche  il  darla  all* 
tma  o all’  altra  : in  quello  cafo  pero  una  mano  fola  di  vernice, 
che  faria  piu  che  fufficiente,  per  la  laflra  di  marmo,  forfe  non 
bafleria  per  la  lamina  metallica,  ma  ce  ne  vorrebbe  una  fe— 
conda  ed  anche  una  terza  mano. 

18.  Ma  con  cio,  mi  fi  dira,  noi  fiam  ricondotti  ad  un  vero 
piatto  d’elettroforo,  giacche  l’intonaco  di  vernice  tien  qui  luogo 
del  fottile  fir  a to  di  refina.  Io  non  voglio  negarlo ; anzi  diro, 
d’aver  provato  che  e il  metailo,  e il  marmo,  fingolarmente  cosl 
invernicati,  fon  tali,  che  relettricita  vi  fi  affigge  facilmente,  e 
non  men  facilmente  vi  li  eccita  per  iflrofinamento,  talche  il  fblo 
ftrifciare  che  faccia  lo  fcudo  fulla  fuperficie  inverniciata  del 
piatto,  o il  percuoterla  con  qualche  forza  mentre  fi  viene 
a pofar  fopra  coteflo  fcudo,  bafla  perche  poi  dia  fegni  fenlibili  di 
elettricita  allorche  fi  diflacca.  Talora  anzi  non  e poffibile  d’im^ 
pedire  che  queflo  lucceda,  per  quanto  fi  procuri  di  pofar  lo  fcudo 
pian  piano,  e di  alzarlo  fenza  punto  flrofinare.Tal  importuna  elet- 
tricita  pero  e debolifiima  e non  fi  fufcita  che  nel  cafo  in  cui  il  piatto 
verniciato  fi  trova  afciugatifiimo,  e ancor  tiepido  dal  foie  o dal 
fuoco.  Si  fatto  afciugamento  e rifcaldamento  adunque  non  folo 
non  e neceflario  per  le  noflre  fperienze  quando  adoperiamo  un 
piano  verniciato,  com’  e neceflario  quali  fempre  ove  s’adoperi  il 
marmo  nudo  (13.  15.  r6.),  ma  non  e neppure  molto  proficuo 
da  una  parte  ; e dall’  altra  egli  e aflblutamente  pregiudizievole, 
per  cio  che  dando  luogo  ai  fenomenid ' clettroforo,  puo  facilmente 
produrre  equivoci  ed  incertezze  (8.). 
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19.  Qual  vantaggio  adunque,  mi  fi  dira  un’  altra  voltar 
neir  adoperare  in  iuogo  di  un  ordinario  elettroforo,  un  piatto  in— 
yerniqiato  ? Altronde  fi  e pur  detto  che  vuol  preferirfi  un  piatto 
nudo  di  marmo  (1 1.  e feq  ).  II  vantaggio  del  piatto  verniciato 
fopra  1’  mi  ordinario  d’elettroforo  e i°  che  la  vernice  fara  fem- 
pre  pin  fottile  di.  qualunque  incroftatura  refmofa  ; 2:\  che  quelia 
meglio  che  quella  puo  lafciare  la  fuperficie  del  piatto,  lia  di 
marmo  lia  di  metallo,  piana  e lifcia  in  modo,  che  lo  fcudo  vi 
s’adatti  ancora  quad  a coelione  : due  circoftanze,  quali  veduto 
gia  abbiamo  (6.  7.  14.)  quanto  influifcano  alia  buona  riufcita 
delle  l'perienze  di  cui  fi  tratta.  Riguardo  al  piatto  nudo  di 
marmo,  egli  e ben  vero  che  queflopuo  fervire  egualmente  bene,, 
e forfe  meg] jo  s’egli  e d’ottima  qualita,  o allorche  fi  tenga  con- 
venevolmente  rilcaldato  (15*)  ; ma  valutando  bene  le  cole,  l’in- 
comodo,  cioe  di  tal  preparazione,  qualunque  egli  fia  ( 1 6.),  e la 
difficolta  d’aver  il  marmo  perfetto  (15.),  credo  che  convenga 
ancora  1’efpediente  della  vernice,  che  vi  difpenfa  da  tutto  auefio- 
( 1 6.).  Vi  refta  e vero  l’altro  incon veniente  di  potervili  per  poco 
affiggere  l’elett ricita ; ma  oltrecche  anche  il  marmo  perfetta- 
mente  afciutto,  e mo-lto  piu  fe  caldo,  non  va  el'ente  da  tal  inco- 
moda  difpolizione,  egli  non  e poi  tan-to  difficile  di  cio  fcanfare 
adoperando  le  debite  attenzioni ; e Taccurato  lperimentatore 
non  lafcera  di  afficurarfi  coi  mezzi  che  gia  li  fiono  indicati  (8.) 
che  non  trovafr  neppur  ombra  d'i  elettricita  imprefl'a  alia  faccia 

V 

verniciata,  quando  imprende  a fare  col  condenfatore  delle 
fperienze  delicate. 

,20.  Al  piatto  di  marmo  e di  metallo  inverniciato  va  di  paro 
im  piano  qualunque  coperto  di  buona  tela  incerata  fecea.e 
monda,  di  taffeta  cerato,  di  rafo  o d’altro  drappo  di  feta  il  quale 
piu  che  e fottile  e meglio  : dico,  che  quefti  piani  coii  vefliti  van 
di  pard  agl’  altri  verniciati,  ftante  che  non  han  bifogno  che 

d’avere* 
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cfaverc  cotal  vefle  ben  afciuta,  e al  piu  ini  pocolino  rifcaldata 
prlma  di  fervirfene ; anzi  pure  e la  tela,  e il  taffeta,  incerati 
non  attraendo  molto  l’umido,  non  hanno  d’ordinario  nep- 
pur  bifogno  d’effere  pofU  al  foie  o al  fuoco  innanzi  fame 
tifo.  II  ciamberlotto,  il  feltro,  ed  altri  drappi  di  pelo  foil  buoni 
anch*  elli,  ma  men  della  feta ; quei  di.  lana,  o di  cotone,  meno 
ancora;  e i piu  infelici  fono  quei  di  canape  e di  lino:  ad  ogiu 
modo  un  buon  afciugamento,  e un  gentil  calore  continuato  paf- 
fono  abilitare  anche  queffi,  liccome  pure  abilitano  la  carta,  il 
cuojo,  il  legno,  favorio,  e gf  altri  off,  tutti  infomma  i corpi. 
che-fono  da  fell  elli  imperfettiflimi  conduttori,  anzi  non  condut- 
tori,  ma  troppo  bibaci  dell’  umido,  cui  percio  convien  efpellere 
fmo  a un  certo  fegno. 

, ,-2i.  Dico fino  a un  certo  fegno:  perche  un  troppo  grande  ifo- 
lamento  e pregiudizievole  anziche  no,  come  fi  e gia  acceimato 
(6.  12.),  -e  come  fifard  piu  chiaramente  vedere  nell  2*  parte  di 
quefta  memoria.  Or  dunque  fe  i detti  corpi  vengano  lpogliati 
uffatto  d’ umido,  pofti  per  efempio  a feccare  uel  forno,  in  tai 
cafo  ficcome  diverranno  veri  e perfetti  coibenti  a par  delle 
refine ; cosi  non  ferviranno  piu  al  noflro  intents,  a men  che 
non  fan  ridotti  ad  uno  flrato  fottile,  e queffo  ftrato  applicato 
ad  un  conduttore  (ivi)  in  modo  che . ne  riiulti  un  vero  piatto 
d’elettroforo. 

22.  Non  lafcerd  da  ultimo  di  dire,  che  fi  puo  rendere  l’appa- 
recchio  ancora  piu  femplice,  fe  fi  applichi  fia  l’intonaco  di  ver- 
nice,  fia  la  vefte  d’Lncerato,  fia  il  taffeta  od  altro  velo  di  fata,  fia 
infme  qualunque  materia  femicoibente,  alia  faccia  interiore  delft 
fcudo,  in  luogo  di  coprirne  il  piatto ; il  quale  in  quefto  cafo 
diventa  inutile,  fervendo  allora  in  fua  vece  un  piano  qualunque 
ep-li  fia,  un  tavolo  di  legno  o di  marmo,  anche  non  ben  afciutti, 
una  laftra  di  metallo,  un  libro,  od  altro  conduttore,  buono  o 
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cattivo  che  fia,  fol  che  vi  fi  pofla  applicare  convenientemente  Is 
faccia  veflita  dello  fcudo. 

in  vero  altro  piu  11011  fi  ncerca  per  la  buona  nufcita  deiie 
rperienze,  fe  non  che  l’elettricita,  che  tende  a pafiare  dall  uno 
all’  altro  dei  piani  combaciantifi,  incontri  full’  una  delle  luper- 
ficie  tale  refiftenza,  che  valga  a trattenerla,  come  fi  e gia  accen- 
nato  (ri),  e fi  fara  chiaro  nella  fteffa  feconda  parte;  dove  al 
dip  piu  moftreraffi,  come  a tal  effetto  bafti  anche  una  picciola 
refiftenza.  Cio  pofto,  che  lo  flrato  fottile  coibente  o quafi  coi- 
bente  tenga  al  piano  di  fotto,  o a quel  di  fopra,  egu  e lo  fteflo  : 
quello  che  importa  e che  fi  combacino  bene  (7)  ; la  qual  cofa 
Hon  e fi  facile  ottenere  allorche  fi  pola  lo  fcudo  fu  d un  tavolo, 
od  altro  piano  non  preparato  a bella  pofla.  Egli  e folo  per1 
quefta  ragione,  per  ottenere  cioe  un  piu  efatto  combaciamento, 
che  io  do  la  preferenza  a due  piani  lavorati  un  fopra  l’altro  in- 
tonacandoli  quindi  od  amendue,  o uno  folo,  qual  piu  mi  piace 
(14.  17.).  Del  refto  la  comodita  d’avere  per  tutto  l’apparato  una 
lola  lamina  di  metallo  inverniciata  da  un  lato^  o coperta  di  taf- 
feta, e dall’  altro  guernita  di  tre  cordoncini  di  feta,  fa  che  io  me 
ne  ferva  piu  comunemente : e la  riufcita  fe  non  agguaglia  per 
avventura  quella  dell’  altro  apparechio  compofto  dei  due  piani 
lavorati  un  fupra  l’altro,  e tale  pero.  che  bafta  d’ordinario  all* 


intento. 

23.  Fin  qui  noi  abbiamo  confiderato  futile  che  fi  pucv 
ritrarre  dal  noftro  apparecchio  condenfatore  applicato  ai  con- 
duttori  per  efplorare  l’elettricita  atmosferica,  allorche  e debole 
affatto  ed  impercettible  *.  Quefto  pero,  a cui  vien  deftinato 

priiir 

* A queflo  propofito  non  debbo  ommettere,  che  ne  pochi  giorni  in  cui  m’appli- 
cai  a fpiare  1’elettriciti  atmosferica  col  foccorfo  del  condenfatore,  non  fon  rimafto 
iC nza  buon  frutto  raccorne.  II  Sig.  canton,  ed  altri  affccuravano  di  aver  ottenuto 

dall* 


Eleltricifd  pa  Natural 'e,  fia  Arlificialc . 2 r 3 

prmcipalmente,  non  e il  folo  ufo  che  far  fe  ne  polfa,  ne  il  folo 
vantaggio  che  ci  procura  : ierve  altrefi  molto  per  l’elettricita 
artificiale,  a difcoprirla  cioe  ove  per  altra  via  non  li  manifefte- 
rebbe,  o a renderne  i fegni  afl'ai  piu  cofpicui.  Moiti  lono  i call, 
in  cui,  l’elettricita,  che  e nulla  in  apparenza,  o molto  dubbia, 
vi  li  rendera  chiara  e ienfibililfima  coll’  ajuto  di  tal  apparecchio: 
ne  audio  accennando  per  rnodo  d’efempio  alcuni. 

24.  iJ.  Una  boccia  di  Leyden  caricata,  e quitidi  addotta  alia 
fcarica  coll’  applicarvi  tre,  o quattro  volte  l’arco  conduttore,  e 
con  replicati  toccamenti  della  mano,  vi  fembra  omai  l'pogliata 
affatto  della  fua  elettricita.  Ma  che  ? Toccate  coif  uncino  di 
tal  boccetta  la  lamina  metallica  pofata  convenevolmente 
(cioe  fopra  qualunque  piano,  s’ella  e ben  inverniciata  nella 
faccia  inferiore,  o veflita  di  taffeta,  &c.  oppur  s’e  nuda  fopra 
fottile  flrato  refinofo,  o fu  d’un  incerato,  o fu  drappo  di 
feta,  o fopra  tavolo  di  legno  -iiwernieiato,  o fopra  laftra 
di  marmo  ben  afciutto)  e toflo  alzata  cotal  lamina  o fcudo 
ne  avrete  fegni  elettrici  fenfibiliffimi : dal  che  concluderete 
che  l’elettncita  della  boccetta  non  era  gia  tutta  fpen-ta,  come 
appariva.  Che  fe  quefla  avefie  una  carica  fenfibile  a fegno  di 

dall*  apparato  atmesferico  de  fegni  elettrici  piu  vivi  dell*'  ordinario  in  tempo  di 
qualche  aurora  boreale  ; ma  moiti  de  fiber  non  fono  perfuali  ancora  che  l’elettri- 
cita. influifea-  in>  quelle  meteore,  e alcuni  lo  negano  formalmente.  Io  Hello  ne  du- 
bitai  moltilfimo  : ora  pero  parmi  la  cofa  certa  ; e poffodire  d’aver  veduto  e toccato 
con  mano.  In  quella  bellillima  aurora  comparfa  nella  notte  dei  28  ai  29  Luglio 
dell’  anno  1780,  quando  falendo  a poco  a poco  dall’  orizzonte  fu  afeefa  tra  la  4.  e 
le  5-.  italiane  alio  zenit,  fpargendo  tutt’  all’  intorno  un  vaghiiTimo  lume  rofligno,  i! 
cielo'  altronde  elTendo  fereno  e ventofo,  li  ottennero  col  favore  dell’  apparechio 
condenfatore  da  un  conduttore  atmosferico  ordinario  molte  belle  feintillette  chiare 
e crepitanti:  quando  in  tutti  gl’  altri  tempi  fereni,  e in  ogni  ora  del  giorno  e 
della  notte  dall’  iftelfo  conduttore,  e coll’  ajuto  dell’  iHefio  cendenfatore  o non. 
ettienfi  fcintilla  o minutiflima  foltanto;  e cio  perche  quel  conduttore  atmosferico 
aon  e ne  alto  molto,  ne  molto  ben  fituato. 


attrarre- 
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attrarre  im  legger  lilo,  in  tal  cafo  lo  feudo  toccato  dalf  uncina 
anchc  per  un  fol  momento,  o quindi  alzato  vibrera  vivace  icin- 
tilla.  Ripofta  qucllo,  e ritoccato  coll'  ifteiib  uneino  della 
boccia,  e rialzato  di  miovo,  ne  otterrete  una  feconda  fcintilla, 
nulla  o poco  men  vivace  della  prima ; e un  tal  giuoco  potrafli 
continuare  per  molte  volte  con  pari  diletto  e meraviglia. 

Coteflo  artificio  di  produr  fcintilla,  e replicate,  con  una  boc- 
cetta,  che  non  ha  carica  fufficiente  per  farlo  da  fe  fola,  vi 
apprefta  una  grande  eomodita  per  varie  fperienze  diiettevoli, 
come  quelle  della  mm  piftola,  e della  lucerna  ad  aria  infiam- 
mabile,  maffimemente  trovandovi  provveduto  d’una  di  quelle 
boccette  preparatte  alia  maniera  del  Sig,  tirerio  cavallo 
le  quali  fi  poflono  portare  cariche  in  tafea  molto  tempo.  Quefte 
poiche  confervano  una  carica-fenfibiie  alcuni  giorni,  ne  confer- 
veranno  una  inienfibile  per  fettimane,  e mefi : infenfibile,'  dico., 
fenza  l’ajuto  del  noftro  apparecchio  condenfatore ; ma  con 
quefto  fenfibilifhma,  e piu  che  fufficiente  air  uopo  di  accender 
la  piftola,  Sec. 

, , 25.  -ahj  Avete  una  macchina  elettrica  mefehina,  cosi  mal  in 

.ordine,  e-in  tali  circoftanze  sfavorevoli  d’umido  See,  che  non 
potete  trarre  la  piu  piccola  fcintilla  dal  conduttore,  il  quale 
appena  attrae  un  leggeriffimo  filo,  o non  giugne  neppur  a 
canto.  Or  via  fate  toccare  a tal  conduttore  inerte  il  noftro  ap- 
parecchio, offia  lo  feudo  pofato  come  conviene,  e lafeiate  che  il 
toecamento  duri  per  qualche  minuto,  tenendo  lempre  in  azione 
la  macchina,  e vi  riufcira  di  ottenere  col  folito  giuoco  di  ftac- 
care  lo  feudo  dal  fottopofto  piano,  una  buona  fcintilla,  e ogif 
altro  fegno  vivace. 

26.  30.  Sia  pur  la  macchina  buona,  e agifea  a dovere  ; ma  il 
conduttore  trovifi  cosi  male  ifolato,  che  Telettricita  non  vi  ii 

* Ycdi  il  fuo  trattato  di  elettricita. 
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pofla  accumulare  a fegno  di  dar  icin til  la,  e neppure  di  attrarre 
uu  filo  : come  quando  fiftefTo  conduttore  tocca  al  muro  della 
ftanza,  o quando  Tina  catena  pende  da  eflo  lopra  un  tavolo,  e 
fin  fopra  il  pavimento  della  ftanza.  In  fimii  cafo  crederete  che 
relettricitii  per  quelle  comunicazioni  li  difperda  intieramente, 
ma  cercando  piu  oltre,  ricorrendo  cioe  al  condenfatore,  trove- 
rete  che  un  poco  le  ne  trattiene  ad  ogni  momento  nel  condut-- 
torre  tuttoche  non  ifolato,  e tanto  che  da  ran  do  fazione  della 
macchina  qualche  tempo,  i molti  pochi  raccolti  infieme  nello 
feu  do,  per  la  vantaggiofa  difpofizione  ch’  egli  ha  di  tirar  fopra 
di  ie  1’elcttricita  (2.)  fanno  eld  ii  medeiimo  fia  poi  in  ifb.to  di 
dar  fegni  abbaftanza  forti. 

27.  40.  1/ordinaria  manicra  di  ftrofinare  alcuni  corpi,  e 
quindi  prefentarli  ad  1111  elettrometro,  onde  vedere  le  per  tal 
mezzo  abbiano  o no  contratto  qualche  elettricita,  e in  molti 
call  infufficiente,  di  modo  che  fovente  fi  crede  che  fia  nulla,  fol 
perche  deboliliima.  Si  trae  dunque  un  gran  vantaggio  firoti- 
nando  corpi  dubbi  collo  feudo  o lamina  metallica  del  noftro  ap- 
parecchio,'  che  in  queflo  cafo  deve  efler  nuda,  poi  levatala  in 
alto  ifolata  interrogando  lei  medefima,  la  quale  dara  fegni  'ab- 
baflanza  lenllbili  per  qualunque  picciola  ad  infenlibile  elettricita 
eccitata  nel  corpo,  contro  cui  fi  e ferofinata,  e dinotera  quale 
fpecie  di  elettricita  quello  abbia  contratta,  giacche  fi  fa  che 
debbe  effere  nei  due  contraria.  Anche  il  Sim  cavaixo  fi  fer- 

O 

viva  di  quefto  mezzo  per  ifeoprire  l’elettricita  in  molti  corpi  *. 
Ma  ve  if  e uno  a certi  riguardi  migiiore,  che  certamente  ne 
egii  ne  altri,  elf  io  fappia,  ban  eonofeiuto.  Quando  il  corpo, 
di  cui  fi  vuol  provare  la  virtu,  non  e tale  che  vi  ii  pofia  addat- 
tare  in  piano  la  lamina  metallica  per  dimenarla  fopra  ffrofi- 
nando,  fi  nuo  fare  cosi  : pofata  la  lamina  fopra  il  fojito  piano 

■*  Vecliil  fuo  trattato.,  cap,  VI.  p.  iv, 
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iemicoibenfe,  fi  flrohni  efla,  o meglio  fi  percota  a vari  colpi  col 
corpo  in  quefHone  ; il  che  fatto  fi  levi  la  lamina,  e fi  ofl'ervi  fe 
e elettrizzata  : lo  fara  certo  nel  cafo  che  vi  fiate  lervito  a per- 
cuoteiia  di  una  flrifcia  di  cuojo,  d’una  corda,  d’un  pezzo  di 
panno,  di  feltro,  o iimili  cattivi  conduttori ; e lo  fara  aflai  pm 
die  fe  l’avcfte  sferzata  o ftrofinata  par  egual  maniera  coi  mede- 
iimi  corpi  ftando  efla  lamina  metallica  ifolata.  In  fomma  coll* 
uno  o coll'  altro  degl*  indicati  mezzi  voi  otterrete  elettricita  da 
corpi  che  non  avrefte  nrai  creduto  che  godeflero  di  quefta  virtu, 
anche  da  corpi  non  fecchi,  da  tutti  inline  eccetto  lblo  i metalli 
e i carhoni : diro  dippiu,  ch’  io  ne  ho  ottenuto  qualche  volta 
itrofinando  la  lamina  metallica  colla  mano  nuda. 

28.  50.  Si  e cercato  fe  il  calore,  l’evaporazione,  le  fermen- 
tazioni,  &c.  producano  quale  he  grado  di  elettricita,  offia  engi- 
onino  qualche  alterazione  alia  dofe  naturale  del  fluido  elettrico 
nei  corpi  che  1'ubifcono  cotefta  azione,  e in  quelli  che  ne  fono 
in  contatto.  La  ricerca  era  di  grande  importanza  per  fifiar 
pure  qualche  idea  full’  origine  dell’  elettricita  naturale,  offia 
atmosferica.  Io  lo  di  molti  che  hanno  tentato  fpecialmente 
lull’  evaporazione  delle  fperienze  invano,  anche  hanno  infine 
rinunciato  alia  fperanza  di  ottenereper  tal  mezzo  fegni  elettrici ; 
ne  fo  d’alcuno  che  fia  ancor  giunto  ad  ottenerli.  Le  mie  pro- 
prie  fperienze  non  avean  avuto  miglior  fucceffo ; ad  ogni  modo 
ben  lungi  di  rinunciare  ad  ogni  fperanza,  le  andava  lempre  piu 
nodrendo.  Da  gran  tempo  io  aveva  imaginato  che  le  diffiolu- 
zioni,  le  efrervelcenze,  le  volatilizzazioni,  &c.  fconvolgendo 
le  minime  particelle,  e forma  e pofizione  mutandone,  doveano 
coll*  alterazione  delle  forze  mutue  di  elle  particelle  aumentare  o 
di  min  11  ire  le  rifpettive  capacita  dei  corpi  fottopofti  a que  moti 
inteftini,  e confequentemente  occafionare  dove  condenfazione, 
dove  rarefazione  del  fluido  elettrico : lie  era  cofi  perfuafo,  che 


non 
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non  fapevo  darmi  pace  die  1’ elettricita  non  fi  manirefrafie  per 
alcuno  di  tai  procefli ; di  tal  mancanza  di  fegni  pertanto  io  lie 
accagionavo  parte  alia  debolezza  dell’  elettricita  che  per  tal 
modo  fi  eccitava,  parte  alia  difhpazione  di  efla  prodotta  dai  vapor! 
medefimi  che  fi  foilevano  durante  ilprocelfo,  e diftruggono  quad 
intieramente  l’ifolamento : mi  compiaceva  pero  fempre  a pen- 
fare,  che  l’avrei  un  giorno  potuta  fcoprire  cotefta  elettricita 
fugace,  moltiplicando  le  fperienze,  e mettendovi  piu  di  atten- 
zione  e di  accuratezza  *.  Due  anni  fono  allorche  fui  paffo  paffo 
condotto  alia  maniera  di  condenfare  a un  fegno  fi  grande  l’elet- 
tricita  coll’  apparecchio  qui  defcritto,  i miei  penfieri  li  rivolfero 
nuovamente  all’  oggetto  delle  antiche  mie  ricerche,  e concepj 
molto  piu  fondata  fperanza  di  poter  ifcoprire  qualche  cola,  e 
gia  mi  proponeva  di  applicarmi,  a tali  fperienze,  quail  prefa- 
gendola  riufcita  ; ma  varj  accidenti  le  ritardarono  fino  al  Marzo 
e Aprile  di  queft’  anno,  in  cui  intraprefe  avendole  a Parigi  in 
compagnia  di  alcuni  membri  dell’  Accademia  R.  delle  Scienze, 
mi  riufci  finalmente  di  ottenere  fegni  non  dubbj  di  elettricita 
(che  dico  fegni  non  dubbj  ?)  fin  la  fcintilla  elettrica  dalf  eva- 
porazione  dell’  acqua,  dalla  femplice  combuftione  del  carboni,  e 
da  varie  effervefcenze,  come  quelle  che  producono  1 aria  lnfiam- 
mabile,  l’aria  hlla  e l’aria  nitrofa. 

29.  Terminero  la  prima  parte  di  quefta  memoria  coll’  dire, 
che  oltre  gli  accennati  vantaggi,  ed  altri  del  medelimo  genere, 
che  lie  procura  il  noftro  condenfatore  conliderato  femplicemente 
come  ihromento,  atto  ad  ingrandire  i fegni  dell’  elettricita ; le 
varie  fperienze  che  pofibno  farli  con  elfo  Ipargono  eziandio  molto 

* Tutti  quefti  miei  penfieri  fono  efpofti  in  nna  differtazione  latina  A am  pal  a 
l’anno  1769,  che  ha  per  titolo,  Devi  attraaiva  ignis  eleclrici , ac  plena  venis  mil e 
pcndentibus , ad  JOHANNEM  VE  Tib  TAM  BECCAR1AM,  Sv<.  • 
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lume  fulla  teoria  elettrica,  per  quella  parte  maflimamente  che 
riguarda  l’azione  delle  atmosfere : lo  che  andiamo  a vedcre 
nella  parte 


PARTE  SECONDA, 

1 qua!  mamei  a un  conduttore  accojlatidoji  a un  altro  Jbtto  certe 
tonui%iohei  Ji  truovi  tn  ijlato  di  ncevere  una  flraot  dinaria  quan- 
tita  di  elettricita. 

3°-  Le  fperienze  riportate  nella  prima  parte  di  quella  me- 
cnoi  1a  ci  hanno  abbaftanza  moflrato  come  una  lamina  metallica 
o qualfivoglia  piano  conduttore,  cui  foglio  appellare  feu  Jo,  ap- 
plicato  a vi  un  nlrio  piano,  ll  quale  opponga,  o per  la  quaiita  fua 
di  cattivo  condutton , o per  l’intcrpolizione  di  un  fottile  llrato 
coibente,  una  certa  non  grande  refiftenza  alia  trasfufione  dell’ 
elettricita,  come  diffi,  tale  feudo  in  fiffatta  pofizione  atto  da  a 
tirare  lopra  di  le  e raccorre  nel  fuo  leno  maggiore  copia  di  elet- 
tiicita,  che  le  fi  trovalle  in  qualfivoglia  moclo  perfettamente  ifo- 
lato.  Abbiam  veduto  come  facendolo  toccare  all’  uncino  di  una 
boccia  di  Leyden,  al  conduttore  di  una  macchina  elettrica,  o 
a quello  dell  elettricita  atmosferica,  in  fine  a qualunque  potenza 
o forgente  elettrica,  anche  quando  l’elettricita  e deboliffima  e 
afFatto  impercettibile,  pur  gli  fe  ne  comunica  tanto  da  poter  ma- 
mfeflarfi  quindi  con  fegni  molto  vivaci,  toflo  che  fi  leva  effa 
Fcudo  in  alto.  Or  qui  intraprendiamo  di  fpiegare  un  tal  feno- 
meno : e la  fpiegazione  medefima  fervira  piu  ch’  altra  cofa  a 
facilitate  Ja  pi  atica  delle  fperienze  di  quefbo  genere. 
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31*  Adunque  il  tutto  fi  riduce  a quefto : che  la  lamina  o 
fcudo  ha  molto  e moko  maggiore  capacita  nel  i°  cafo,  quaudo 
cioe  pofii  ful  piano  avente  le  condizioni  indicate  (praec.  e ir. 
12.  22.),  che  nel  2°,  in  cui  tienfi  ef.  gr.  in  alto  fofipefo  per  i 
fuoi  cordoncini  di  feta,  o per  un  manico  ifolante,  oppur  che 
pofa  fopra  un  grofio  ftrato  coibente,  o fopra  un  piatto  ifolato. 

Per  dilucidare  quefto  punto  eflenziale,  prendiam  le  cofe  da 
piu  lontano. 

32  Non  vi  vuol  molto  a comprendere,  che*  ivi  e maggiore 
capacita,  dove  una  data  quantita  di  elettricita  forge  a minor 
intend ta,  o che  e lo  ftefto,  quanto  maggior  dofe  di  elettricita  b 
richiefta  a portare  1’azione  a un  dato  grado  d’intenfita  ; e vice - 
verfa:  a dir  breve,  la  capacita  e azione,  o tenfione  elet- 
trica  fono  in  ragione  inverfa. 

Faro  qui  oflervare  ful  principio,  ch*  io  dinoto  col  termine  di 
tenfione  (che  volentieri  foftituifco  a quello  d’intenfita)  lo  sforzo 
che  fa  ciafcun  punto  del  corpo  elettrizzato  per  disfarfi  della  fua 
elettricita,  e communiCarla  ad  altri  Corpi ; al  quale  sforzo  cor* 
rifpondono  generalmente  in  energia  i fegni  di  attrazione,  ripuF 
fione,  &c.  e particolarmente  il  grado  a cui  vien  tel'o  l’elettro- 
metro. 

33.  Cio  che  abbiam  detto  comprenderfi  facllmente  che  la 
tenfione  debb’  elfere  in  ragione  inverfa  delle  capacita,  ci  viene 
poi  moftrato  nella  maniera  piu  chiara  dall’  efperienza.  Siano 
due  verghe  metalliche,  una  lUnga  1 piede  e l’altra  5.  di  grof- 
fezza  equally  S’infonda  alia  prima  tanto  di  elettricita,  che 
giunga  a vibrare  un  elettrometro  annefto  a 60  gradi : fe  in  quefto 
ftato  fi  fara  toccare  quella  all’  altra  verga,  l’elettricita  compar- 
tendofi  equabilmente  ad  ambedue,  diminuira  di  tenfione  tanto 
appunto,  quanto  la  capacita  fi  truova  ora  accrefciuta,  cioe  6 
volte  : locche  ci  fara  vedere  I’elettrometro,  fmontando  dai  6b,  ai 

L 1 2 lo  gradi* 
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10  gradi.  Cost  fe  l’iftefla  quantita  di  elettricita  venifle  a dif- 
fonderfi  in  un  conduttore  60  volte  piu  capace,  non  nmairebbe 
che  do  della  primiera  tenfione,  cioe  un  grado  folo:  come  vice- 
verfa  la  tenfione  di  1 fol  grado  di  cotedo  gran  conduttore,  o 
d’altro  qualunque,  falirebbe  a 60,  ove  la  di  lui  elettricita  veniffe 
a raccorfi  e condenlarfi  in  una  capacita  60  volte  minore. 

24..  Or  non  folo  conduttori  di  mole  e maffa  diver fi  han no 
diverfa  capacita ; ma  anche  l’ideflo  conduttore  puo  averne  una 
maggiore  o minore,  fecondo  varie  circodanze ; alcune  delle 
quali  non  fono  per  anco  date  confiderate,  come  li  conviene. 

E dato  offervato  che  l’ideflo  conduttore  acquida  o perde  in 
capacita,  a mifura  che  fi  aggrandifee,  o fi  ridringe  di  fuperficie ; 
fecondo  che  una  catena  metallica  ef.  gr.  fi  difpiega  in  luugo,  o 
fi  ammucchia,  fecondo  che  vari  cilindri  contenuti  un  nell* 
altro,  come  quelli  d’un  cannochiale  fi  traggon  fuori,  o fi  fan  no 
xie n t rare,  &c.  Quindi  fi  e conclufo  generalmente  che  la  capacita 
non  e in  ragion  della  mafia,  ma  bene  in  ragion  della  fuperficie 
del  conduttore : come  franklin  ha  dimodrato  appunto  coll’ 
indicato  fperimento  della  catena. 

35.  Queda  conclufione  e giuda,  ma  non  comprende  ancor 
tutto,  perocche  anche  con  fuperficie  egualmente  grandi  fi  ha 
maggiore  o m/iore  capacita,  fe  fiano  i conduttori  diverfamente 
conformati.  Efia  fi  trovera  maggiore  di  molto  in  quel  condut- 
tore che  avra  piu  lunghezza  comunque  fia  d’altrettanto  men 
groffo,  coticche  la  quantita  della  fuperficie  rimanga  eguale  : 
come  watson  ed  altri  aveano  gia  effervato,  e come  io  mi 
lufingo  d’aver  podo  in  miglior  lume  nella  mia  memoria  fulla 
capacita  de  conduttori  femplici*,  nella  quale  dimodro  il  grande 
vantaggio  di  un  conduttore  codrutto  di  molte  verghe  di  legno 
coperte  di  foglia  metallica,  e collocate  in  lungo  punta  a punta, 

* Fu  pubblicata  quefta  mpmoria  in  un  opera  periodica  di  'Milano  intitolaia 

Opufcoli  S'. elf i,  per  l’anno  1778,  e nel.  Giornale  dell’  Ab.  rozier  l’anno  fequente. 

lopra 
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fopra  gl’  ordinarj  conduttori  aflai  piu  grofii  e meno  lunghi.  Se 
Fiftefl’o  conduttore  colla  groffezza  e lunghezza  medenma  noil 
fia  diritto,  ma  afifai  curvo,  e molto  piu  fe  eflendo  cf.  gr.  am  fil 
di  ferro,  abbia  molti  torcimenti,  o fi  r'jpieghi  indietro,  avia 
minore  capacita  ; cosi  pure  l’ayranno  minore  le  indicate  verg- 
liette,  fe  invece  d’efler  collocate  punta  a punta  m linea  letca,  lo 
fiano  ad  angolo,  e peggio  fe  s’accoftino  parallele. 

Lve  fperienze  ed  oflervaziom  da  me  rapportate  111  quello  fcritto, 
ed  infinite  altre,  maffimamente  quelle  intorno  al  cosi  detto 
pozzo  eleitrico , concorrono  tutte  a provare,  che  la  capacita  e in 
raggione  noil  delle  fuperficie  qualunque  effe  fieno,  ma  delle>- 
perficie  liber e da!?  azione  delle  atmosfere  omologhe : nella  quale 
rettificata  propofizione  converranno  tutti  quelli,  cbe  ii  faranno  a 
confiderare  i p.rincipali  fenomeni  delle  atmosfere  elettriche. 

06.  Ma  v’  e dippiu  ancora  : e quefto  e propriamente  che  fa 
al  noftro  cafo.  Ififteflo  conduttore  ritenendo  la  ftefla  fuperficie, 
e la  forma  fua  non  mutata,  acquifta  maggiore  capacita  allo- 
raclie  in  luogo  di  rimanere  ifolato  folitariamente,  fi  affaccia  a 
un  alt  to  conduttore  non  ifolato,  e l’acquifta  tanto  tempi  e mag- 
ciore  quanto  vi  fi  affaccia  piu  davvicino,  e quanto  le  fuperficie 
che  fi  prefentano  un  l’altro  fono  piu  larghe.  Io  chiamo  quel 
conduttore  ifolato  che  ne  ha  un  altro  di  fronte  (fia  quefto  non 
ifolato,  come  nel  cafo  noftro,  fia  anche  ifolato,  elettrizzato  o 
no),  lo  chiamo  conduttore  conjugato ; e gia  10  aveva  promeflo 
nella  mentovata  differtazione,  trattato  avendo  della  capacita  de 
conduttori  femplici , ofolitari , di  trattare  in  feguito  di  quella  de 

conduttori  conjugate  . 

„7>  Tale  circoftanza,  che  accrefce  prodigiofamente  la  natu- 

rale  capacita  di  un  conduttore,  quella  e fopra  tutto,  a cui  non 

truovo  che  fi  fia  fatta  ancora  la  debita  attenzione ; molto  meno 

che  alcuno  ne  abbia  tratto  quei  vantaggi,  die  dalf  apphcazione 

facilmente 
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facilm ente  ne  derivano.  Ma  veniamo  a quelle  fperienze  piu 
lempuci,  che  ci  mettono  fott’  occhio  quefta  accrefciuta  capacita. 

Prendo  un  difco  di  metallo,  il  folito  fcudo  d’elettroforo  per 
cfcmpio,  e tenendolo  in  alto  ifolato  lo  elettrizzo  a una  data 
forza,  quanto  bafta,  fupponiamo,  a fare  che  un  elettrometro 
anneflb  fi  tenda  a 60  gradi ; calando  indi  effo  difco  gradata- 
mente  verfo  un  tavolo  od  altro  piano  deferente,  ecco  che  decade 
1 elettiometro  a 50,  40,  30  gradi.  Non  crediate  percib  che 
fia  fcemata  a quefto  punto  la  quantita  d’elettricita  che  il  difco 
poffiede,  la  quale  anzi,  purche  quello  non  da  giunto  a tale  vici- 
nanza  dell  altro  piano  deferente  da  dar  luogo  alia  trasfufione 
coHo  fcoccare  di  qualche  fcintilla,  fi  farA  mantenuta  nell*  intie- 
rezza  fua,  quanto  almeno  la  lunghezza  del  tempo,  lo  flato  leli* 
aria  e dell’  ifolamento  lo  permette.  Onde  dunque  tale  e tanto 
abbaflamento  di  tenjione?  Non  altronde  che  dall’  accrefciuta 
capacita  del  difco,  or  non  piu  folitario,  ma  conjugato.  In  prova 
di  che  le  fi  follevi  di  nuovo  gradatamente,  rifalira  il  fuo  elettro- 
metro a 40,  50,  e fin  preflo  ai  60  gradi  di  prima  (rifalirebbe  a 
60  giufto,  fe  fi  poteffe  impedire  affatto  il  diffipamento  nell* 
aria,  e lungo  gl*  ifolatori  noli  mai  perfetti  abbaftanza) ; a 
mifura  cioe  che  allontanandofi  dall’  altro  piano  deferente  ritorna 
il  difco  a quella  piu  angufta  capacita,  che  gli  compete  quand’  6 
folitario. 

3B.  La  ragioiie  di  un  tal  fenomeno  fi  deduce  facilmente  dall* 
azione  delle  atmosfere  elettrlche.  Quella  del  difco,  che  or  fup- 
pongo  elettrico  per  eccejfo  fi  fa  fentire  al  tavolo,  od  altro  qual- 
livoglia  conduttore,  a cui  fi  affaccia  in  guifa  che  il  fuoco  di 
quefto,  giufta  le  note  leggi,  ritirandoii  fi  dirada  nelle  parti  pib 
vicine  al  difco  fovraflante,  e tanto  piu  fi  dirada,  quanto  eflb 
difco  elettrico  fi  va  piu  accoftando.  Se  felettricitA  di  quefto  e 
i)er  dWett0,>  ^ fnoco  del  tavolo  o piano  inferiore  qualunque  fia, 

accorre 
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accorre  e fi  addenda  verfo  la  fuperficie  medefima,  che  guarda  il 
difco,  e che  ne  lente  piu  davvicino  l’azione.  Iafomma  le  parti 
immerfe  nella  sfera  di  attivita  del  difco  contraggono  1111  elettri- 
cita  contraria , elettricita  che  puo  dirfi  accident  ale,  e che  por- 
tando  in  certo  modo  un  conipenjb  a quella  reale  del  difco  mede- 
fimo,  ne  diminuifce  la  tenjione,  come  appunto  ci  dimoflra  Tab- 
baffiamento  dell’  elettrometro  (praec.) 

39.  Due  altre  fperienze  porraimo  in  maggior  lume  quefla 
azione  reciproca  deile  atmosfere  elettriche,  merce  di  cui  ora 
s’itffievolifcono,  ora  fi  rinforzano  mutuamente  le  tenjioni  offia 
azioni  elettriche  di  due  corpi  col  folo  avvicinarfi  l’uno  all*  altro, 
ritenendo  ciafeuno  ne  piu  ne  meno  la  fua  dofe  di  elettricita. 

Cominciamo  da  quelle  che  fi  rinforzano.  Quelle  fono  le 
atmnsjere  omologbe . Siano  pertanto  due  piani  conduttori,  due 
difchi,  elettrizzati  o per  ecceli’o  amendue,  o amendue  per  di- 
fetto.  Si  afFaccino  quelli,  e fi  vadano  gradatamente  avvicU 
nando  : vedraffi  che  influifcono  l’uno  full’  altro  in  modo,  che  la 
tenjione  elettrica  s’accrefce  in  amendue  a proporzione  del  piu 
grande  avvicinamento,  e della  quantita  di  fuperficie  che  fi  pre- 
fentano  : cio,  dico,  vedraffi  dal  maggiore  innalzamento  de  rif- 
petcivi  elettrometri,  e dalla  fcintilla,  che  efplorando  l’uno  o 
l’altro  di  quei  difchi  fcocchera  a maggior  diflanza,  che  fe  ciaf- 
euno foffe  rimaflo  con  tutta  la  fua  elettricita  folitario.  In  quelio 
flato  adunque  di  avvicinamento  egli  e chiaro,  che  ciafeuno  de 
due  conduttori  conjugate  ha  una  minore  capacita ; giacche  a 
proporzione  che  fono  gia  attuali  a un  pin  altro  grado  di  elettri- 
cita, lor  refla  meno  per  giugnere  al  fommo,  o a parlar  piu 
giuflo,  maggiore  e la  refiflenza  che  oppongono  ad  un  -ulteriore 
carica,  conformemente  a quanto  offervato  gia  abbiamo  (33.) 
che  la  tenfione  efprime  lo  sforzo,  onde  un  corpo  tende.  a disfarli 
dell’  elettricita,  e a comunicarla  altrui.  Cos!  una  boccia  di 
j Leyden 
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Leyden  carica  a un  grado  un  poco  maggiore  di  quello  dei  difehi 
Jolitari , la  quale  per  confeguenza  darebbe  loro  in  tale  ftato,  rice- 
vera  all*  incontro  da  effi  quando  effendo  conjugati  vi  prevale  la 
tenjione : ritornando  quefti  folitari,  cederanno  un  altra  volta  alia 
boccetta,  &c. 

Or  anche  fi  comprende  quello,  che  abbiamo  fatto  piu  fopra 
oflervare  (36.J,  onde  fia  cioe  che  un  fi lo  metallico  ripiegato,  o 
molte  verghe  pofte  allato  e vicine  le  une  alle  altre,  abbiano  mi- 
nore  capacita  che  dilpofte  Fune  all  altre  in  una  linea  retta  , 
perche  con  fuperficie  equali  un  conduttore  corto  e groflo  abbia 
meno  capacita  d’un  lungo  e fottile  ; perche  inline  la  capacita  fia 
in  ragione  delle  fuperficie  libere,  o meno  attuate  dall  influflo 
delle  atmosfere  omoioghe. 

40.  Siano  ora  i medefimi  difehi  della  fperienza  precedente 
ambi  ellettrizzati,  ma  uno  per  eccejfo  l’altro  per  dfetto , ben  fi 
vede  che  ne  fegniranno  efFetti  contrarj : cioe  Finfluehza  vicen- 
devole  delle  atmosfere,  per  cui  Funo  e attuato  dall  altro,  pro- 
durra  un  cotnpenjo  od  equilibno  accident  ale , onde  diminunaffi  la 
tenjione  in  amendue,  cadra  Felettrometro,  &c.  Allora  io  dico 
che  trovafi  accrefciuta  in  ciafcuno  de  due  difehi  la  capacita,  in- 
quantoche  opporra  ciafcuno  minor  refiftenza  ad  un  ulteriore 
carica  dell’  elettricita  che  gia  poffiede,  e gliene  rimarra  dippiu  a 
prendere  per  giugnere  a un  dato  grado  di  tenfione.  Cosi  una 
boccetta  di  Leyden  carica  dell’  iftefla  Ipecie  d’  elettricita  d’uno 
di  quefii  difehi,  e all’  ifteffo  grado  ed  anche  al  difotto,  potrebbe 
tnttavia  aggiungere  all’  elettricita  di  quello,  quando,  trovandoh 
cbnjugaio , la  fua  tenfione  e mdebohta  dall  atmosteraelettnca  con-' 
traria  del  difeo  compagno  ; ma  rimollo  quello  da  quelio,  e dive- 
nuta  in  iui  le  tenfione  prevalent e,  darebbe  egli  della  lua  elettricita 

alia  boccetta,  &c. 

41.  Non  refta  piu  ora  che  fare  un  applicazione  di  quelf 
ultima  fperienza  a quelle  riportate  di  lbpra  (:3.),  in  cui  ll  diico 

^ elettrizzato 
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elcttrizzato  ii  aflaccia  a mi  piano  conduttore  non  iiolato.  S’egli  c 
vcro,  come  fuppofto  abbiamoche  queflo  nella  parte  pm  vicina  a 
detto  difco  elettrico,  per  l’azione  della  di  lui  atmosfera,  fi  compone 
ad  im  elettricita  contraria,  vale  a dire  che  il  fuoco  ivi  fi  dirada 
qualor  l’incombente  elettricita  lia  in  piu,  o vi  ii  condenfa  qualor 
fia  m mcno  (39.),  dovra  dunque  nafcere  fifte-fio  equilibria  acciden- 
tale,  fiftefio  compenjo ? e alleviamento  alia  tenjione  elettrica  del 
difco,  lo  fteflo  abbatimento  dell’  elettrometro,  come  appunto  ii 
oflerva  (38.)  : quindi  l’accrefciuta  capacita  di  eflb  difco  ; quindi 
la  maggior  dole  di  elettricita  che  potra  ricevere  (prec.)  &c. 

42.  La  cofi  c gia  baftantemente  chiara,  ma  ii  rendera  ancora 
piii  manifefla,  e toccheraili  con  mano,  fe  f venga  ad  ifolare  il 
piano  conduttore  (fupponiam  che  queiio  fa  parimenti  un  difco 
metallico,  che  chiameremo  difco  inferiore)  attacciato  gia  al 
difco  elettrico,  e dopo  ii  allontanino  un  dalF  altro  ; giacche 
allora  compariranno  real  men  te  in  eflb  piano  o diico  inferiore  i 
legni  dell’  elettricita  contraria  da  eflo  lui  acquiftata  allorche  non 
era  ifolato,  e trovavafl  immerfo  nelf  atmosfera  del  difco  fupe- 
riore.  Coteflo  difco  fuperiore  poi,  il  quale  intantoche  ii  allon- 
tana,  ricupera  la  tenjione , che  favvicinamento  gii  avea  fitto  per- 
dere,  la  per  deni  di  nuovo  a mifura  che  ii  accoftera  un  altra  volta 
al  difco  inferiore,  e la  fara  perdere  a lui  medefimo,  in  virtu  dell’ 
azione  reciproca  delle  contrarie  elettricita  (41.)  a indicare  le 
quali  vicende  e opportuno  che  troviii  un  elettrometro  an n eflo  a 
ciufcuno  de  difchi ; poiche  il  linguaggio  delf  elettrometro  e ii 
pin  iignificante  di  tutti,  e ardifco  dire  elf  eflb  folo  vi  da  la  fp  e- 
gazionc  di  tutti  i fenomeni  riportati  in  quefto  feritto,  e d’infi- 
niti  altri  analoghi. 


43.  Che  fe  il  difco  inferiore  ii  truovi  iiolato,  al  prime  aflac- 
ciarvi  il  difco  fuperiore  elettrizzato,  e ifolato  rimanga  tutto  il 
tempo  che  quefto  vi  fla  fopra,  in  tal  cafo  venendo  ailuato  dal  la 
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di  lui  atmosfera,  acquifiera  quellache  chiamo  elettricita  omologa 
accident  ale , cioe  una  tenjione  od  azione  elettrica,  con  cui  fa 
sforzo  di  c'onfeqnlre  f elettricita  contraria ; il  che  non  venen- 
dogli  dato  di  effettuare,  per  l’ifolamento  in  cui  fi  truova,  non 
potra  neppur  compenfare  nel  dovuto  modo  l’elettricita  del  difeo 
incombente,  ne  quindi  diminuire  in  lui  la  tenjione  notabilmente,. 
dimcdoche  l’elettrometro  appena  fara  cenno  di  abbaflarfi  (il  qual 
picciolo  abbaflamento  fi  deve  a quel  poco  di  fuoco,  che  per 
l’aziotie  dell1  atmosfera  elettrica  puo  moverfi  nella  fpeffezza 
del  qunlunque  difeo  inferiore,  o lungo  i fuoi  foftegni  ifolanti 
non  mai  perfetti  abbaftanza)  ; e per  confeguenza  non  acquiflera 
il  difeo  fuperiore  maggiore  capacita,  onde  poter  prendere  mag- 
gior  dofe  di  elettricita.  Ma  bene  l’acquidera,  fe  un  momento 
ii  venga  a toccare  il  difeo  inferiore,  onde  diftruggere  in  efio 
1’elettricita  accidentale  omologa , che  vuol  dire  fargli  prendere  la 
reale  contraria . 

44.  Se  il  difeo  inferiore  non  che  trovarii  ifolato,  fia  egli  me* 
deiimo  ifolante,  fuccedera  lo  fteflo,  cioe  non  potra  diminuire  la 
tenjione  elettrica  ne  quindi  aumentare  la  capacith  del  difeo  fupe- 
riore accoftatogli  comunque.  Non  cosi  pero  fe  cotal  difeo  ifo- 
lante fara  femplicemente  un  fottile  ftrato  che  copra  un  con- 
duttore ; mercecche  quefto  piano  !conduttore  che  trovafi  poco 
lotto,  e in  cui  puo  moverfi  liberamente  il  fuoco,  fara  eflb  il 
giuoco  di  compenfare  l’elettricita  del  difeo  fuperiore  ; e lo  flrato 
ifolante  interpoflo  diminuira  foltanto  l’azion  mutua  delie  atmos- 
fere  elettriche,  in  ragione  della  maggior  diflanza  che  pone  tra 
I’uno  e l1  altro  conduttore. 

45.  La  tenjione  ofha  azione  elettrica  del  difeo,  la  quale,  come 
abiam  veduto  (38.  42.)  va  diminuendofi  a mifura  ch1  egli  li 
atfaccia  piu  davvicino  ad  un  piano  deferente  non  ifolato,  e por- 

tata 
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tata  a un  tale  decadimento  quando  d arriva  quad  al  contatto,  il 
compenfo  od  equilibria  accidental  eflendo  allora  quad  perfetto,  che  i 
dove  l’elettrometro  era  tefo  a 60,  So,  ioo  gradi,  d vedra  or 
difcefo  a I grado  folo,  ed  anche  meno.  Quindi  fe  il  piano  o 
difco  inferiore  opponga  folo  una  picciola  redftenza  al  trapaflb 
dell’  elettricita,  o per  l’interpodzione  d’un  fottile  drato  coibente, 
o per  la  natura  fua  propria  d’imperfetto  conduttore,  qual  e il 
marmo  afciutto,  il  legno  fecco,  &c.  tale  picciola  reddenza  con- 
giunta  a quella  della  diftanZa  comunque  piccioliffima  non  potra 
effere  fuperata  da  tale  debolidima  tenjione  del  difco  elettrico  ; 
il  quale  percio  non  ifcagliera  fcintilla  al  piano  (falvo  che  forfe 
dagl’  orli  non  ben  ritondati,  e nel  cafd  che  podieda  una  gran 
copia  di  elettricita)  ; anzi  confervera  tutta  o quad  tutta  la  fua 
elettricita,  dimodoche  rialzandolo,  il  fuo  elettrometro  afeendera 
quad  al  grado  di  prima.  Piii : potra  il  difco  fenza  gran  detri- 
mento  della  fua  elettricita  giugnere  dno  al  contatto  del  piano 
imperfetto  conduttore,  e redarvi  qualche  tempo  applicato : nel 
quale  contatto  la  tenjione  elettrica  trovandod  predoche  ridotta  a 
nulla  non  ha  forza  di  pad'are  dal  difco  al  piano  che  combacia  fc 
non  lentidimamente. 

46.  Non  andra  pero  cosi  la  bifogna,  fe  ripetelido  refpenenza, 
s’inclini  il  difco,  e d porti  a toccare  il  mededmo  piano  in  coda  : 
allora  fudidendo  in  quello  maggior  tenjione  di  elettricita  (come  cl 
modrera  il  fedele  elettrometro),  giacche  non  vien  bilanciata  che 
corrifpondentemente  ai  punti  di  fuperdcie  deli’  uiio  che  guardano 
davvicino  la  fuperdcie  dell’  altro,  cotal  azione  elettrica  meno  inde- 
bolitavincera  la  piccola  reddenza  del  marmo,  o di  qualdada  altro 
imperfetto  conduttore,  e dno  di  un  fottile  drato  coibente  che 
trovid  interpodo,  codcche  l’elettricita  trasfonderadi  realmente,  e 
o s’affiggera  a cotedo  drato  coibente  che  copre  il  conduttore,  a 
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paffera  entro  a quefto  fe  e nudo  fino  a perderfi  nel  fuolo  *,  e cio  In 
b rev  iff  mo  tempo  : laddove  vedemmo  (pra?c.),  chc  non  ne  iiaflTa 
nulla  o quad  nulla  in  tempo  affai  pin  lungo,  quando  il  contatto 
col  medelimo  piano  e il  piu  ampio  poffibile.  11  che  ha  1 ana 
di  paradoffo  ; ma  pur  fi  fpiega  cosi  bene  coi  principj  delle  atmof- 

fere  elettriche. 

4~.  Quello  che  fembra  anche  piu  paradoflo,  o almeno  che 
forprende  dippiu,  fi  e che  neppure  il  contatto  di  un  dito,  o di 
un  pczzo  di  metallo  comunicanti  col  fuolo,  replicato  piu  volte 
e continuato  per  alcuni  fecondi,  valga  a fpogliare  intieramente 

* Qnefta  fpiegazione  bene  intefa  ci  conduce  a render  ragione  in  genenle  della 

-h  Julia  punta.  A parlar  giufto  una  punta  non  ifolata,  prefentata  a un  corpo 
eletttico  non  ha  alcuna  virtu  propria  per  attirarne  l’elettricita,  ella  fi  comporta 
fempliccmente  come  un  conduttore  non  ifolato  che  non  oppone  refiftenza  al 
palfagio  del  fluido  elettrico.  Se  il  medelimo  conduttore  prefenta  al  corpo  elettrico 
in  vece  della  punta  una  pall  a,  od  una  fupcrficie  piana,  non  oppone  gia  cgli  per 
tpiefto  maggiore  relihenza ; onde  e dunque  che  l’elettricita  non  vi  li  getta 
egualmente  all’  iftefla  diftanza  dal  corpo  elettrico  ? Cio  viene  dall*  indebolita  tcnjioue 
oflia  azione  elettrica  di  cotefto  corpo  in  virtu  della  piu  larga  luperficie  prefenta- 
tagli  da  quel  conduttore  non  ilolato,  la  quale  fuperficie  componendofi  ad  un  elet- 
tricita  contraria,  oftre  maggior  compenfo  che  una  punta,  come  li  e qui  fopra  fpiegato. 
Adunque  in  luogo  di  dimandare  perche  una  punta  tragga  o getti  li  da  lungi  l’elet- 
tricita,  dovrebbeli  domandare  piuttofto  perche  una  palla  o un  piatto  egualmente 
conduttore  non  lo  faccino  : allora  io  faro  olfcrvare  che  non  e gut  un  difetto  di  quefta 
palla  o di  quello  piano,  come  non  e una  virtu  propria  della  punta  chc  metta  tale 
e tanta  differenza  ; ma  bene  lo  llato  del  corpo  elettrico  e della  fua  atmosfera 
(con  cui  intendo  anche  Paria  che  lo  circonda  attmtct  ad  una  tenfione  di  elettricitii 
©tnologa)  iiqual  decade  dalla  fua  forte  tenfione  a proporzione  che  s’immergono  in 
detta  fua  atmosfera  e li  aflfacciano  a lui  piu  punti  di  un  conduttore  non  ifolato.. 
Affievolita  pertanto  V azione  elettrica , c egli  forprendente  che  non  polla  pin 
fuperare  la  relillenza  di  quel  lungo  drato  d’aria  interpofta  tra  il  corpo  elettrico  ed 
jt  conduttore,  che  fupera  agevolmente  quando  non  p relent  an  doglifi  alia  medeiima 
diftanza  che  una  punta  fottile,  la  tcn/loue  di  elfo  corpo  elettrico  e dall’  aria  inftnita- 
tnente.  menu  bilanciata,  fuffifte  nel  fuo  pieno  vigore  ? 
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dell’  elettricita  il  diico  pofato  full’  amico  piano ; ma  vc  ne  lafci 

1 

fovente  tanto  da  poter  dare  ancora  una  fcintilla  quando  in  fe- 
guito  fi  leva  eflo  diico  in  alto.  In  veto  tal  fenomeno  farebbe 
inefplicabile  anche  nei  noftri  principj,  fe  il  dito  o il  metallo 
foflero  perfetti  conduttori,  a fegno  di  non  opporre  la  minima 
refiftenza  al  paflagio  del  fluido  elettrico,  come  li  crede  comune- 
mente  ; ma  la  cola  non  e cosi ; e ce  lo  dimoftrano  quelle  lie  He 
fperienze.  I metal] i dunqne  non  folio  che  conduttori  meno  im- 
perfctti  degl’  altri  corpi.  Ma,  dirafli,  noi  vediamo  che  li  traf- 
fonde  da  1111  capo  all’  altro  di  un  metallo,  e da  un  metallo 
all’  altro  l’elettricita  in  un  iflante.  Sia  pure  cosi  di  quell’  elet- 
tricita che  difpiega  una  forza  fenfibile  a fegno  di  tendere  un  elet- 
trometro,  o di  attrarre  un  hlo  leggeriflimo.  Maconvien  riflet- 
tere  che  al  difotto  di  que-fto  vi  hanno  da  elfere  ancora  altri  gradi 
di  elettricita  impercettibili,  i quali,  dico  io,  non  foil  valevoli  a 
fuperare  fi  tofto  qnella  qualunque  piccola  refiftenza  che  pure 
oppor  denno  i migliori  conduttori.  Quando  dunque  un  metallo 
tocca  il  difco  elettrizato  che  ripofa  ful  fuo  piano,  lo  fpoglia 
immantinente  dell’  elettricita  fino  al  fegno  che  la  tenfione  diviene 
affatto  infenjibile , non  pero  nulla,  eflendo  ridotta  fupponiamo,  a 
di  grado.  Ma  fe  follevando  il  difco  in  alto  la  fua  capacitd 
ii  rifbringa  a fegno  chedilpieghi  una  tenfione  elettrica  100  e piu 
volte  maggiore,  quelda  falira  dunque  a 2 gradi,  ed  oltre  ; con 
che  fara  divenuta  fenfibile,  fnanche  al  punto  di  dare  una 
fcintilla. 

48.  Fin  qui  confiderato  abbiamo  come  1’azione  delle  atmosfere 
elettriche  debba  modificare  l’elettricita  del  diico  nelle  fue  varie 
fituazioni,  allorche  gli  e ftata  infufa  prima  di  accoftarlo  al  piano- 
deferente.  Ora  vediamo  che  avvenir  debba  allorche  gli  shnfonde 
flando  gia  egli  vicino  o meglio  applicato  al  detto  piano.  Quando 
ho  detto  dal  bel  principio  (52  ) che  in  tale  ftato  egli  ha  molto 
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maggiore  capacita , e foil  venuto  provandolo  fin  qui,  ho  detto  e 
provato  tutto  : le  applicazioni  fono  facili  a farfi.  Giovera  non 
peitanto  efemplificare  un  efperienza.  Mi  fi  dia  una  boccia  di 
Leyden,  o un  ampio  conduttore  elettrizzati  a i fol  grado  di 
tenfione,  od  anche  meno.  Se  io  faro  toccare  l’una  o l’altro  al 
rnio  difeo  pofato,  e chiaro  che  gli  comunicheranno  della  loro  elet- 
1 1 icita  a mifura  della  fua  capacita , tanto  cioe  quant’  egli  puo 
ricevcrne  per  comporfi  con  efii  ad  una  tenjione  oflia  forza  elet- 
tru'a  cgu-ale,  fupponiamo  di  1 grado.  Ma  la  fua  capacita  or  ch* 
egli  e non  folamente  conjugato  ma  combaciante  il  conduttore 
eompagno,  c ioo  e piu  volte  maggiore  (46.)  di  quando  fi  trova 
ifolato  folitariamente,  oflia  vi  vuole  per  produrvi  la  data  tenfione 
100  volte  maggior  dofe  di  elettricita  (33*),  quindi  appunto  ne 
avrii  prefo  100  volte  piu,  che  non  avrebbe  potuto  prenderne 
Itando  ifolato  in  aria.  Quando  dunque  fi  levera  in  alto  a mifura 
che  allontanandofi  dal  caro  piano  fi  ridurra  alia  naturale  fua  an- 
guda  capacita , la  teiijione  elettrica  difpiegherafli  maggiore,  e 
maggior  lernpre  fino  al  termine  di  50  gradi  (nel  fuppoflo  cafo 
che  la  tenfione  fofle  di  \ grado  ftando  il  difeo  pofato),  quando 
cioe  la  fua  atmosfera  non  facendofi  piu  fentire  al  detto  piano, 
fiira  ceflata  ogni  maniera  di  compenfo , e tolto  quell’  equilibria 
accident  ale,  che  teneva  la  tenfione  cosi  bafia  (39.  42.).  E inu- 
tile il  dire,  che  calando  di  nuovo  il  difeo  verfo  il  piano,  fi  ab- 
battera  di  nuovo  l’elettrometro,  a mifura  che  dequilibrio  acci - 
dentate  fi  andra  riflabilendo  ; giacche  quefto  e il  primo  feno- 
meno  che  contemplato  abbiamo  (38.),  e che  ne  ha  condotti  alia 
Ipiegazione  di  tutto  il  refio. 

49.  Soggiugnero  queflo  pet  ultimo  fchiarimento.  Succedeal 
difeo  che  pafla  dallo  flato  d’ifolamento  folitario  a quello  di  aftacci- 
arfifin  anche  acombaciare  un  piano  convenientemente  preparato, 
o da  queflo  all’  altro  flato,  lo  fteflo  che  fuccede  ad  un  conduttore 

comprefo 
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comprefo  fotto  angufta  fuperficie,  che  fi  difpieghi  in  una  affai 
piu  ampia,  e 'vice  verfa  (richiamiamo  l’efempio  della  catena 
ammucchiata  e poi  diftefa,  o dei  cilindri  chr  entrano  un  neir 
altro  (35.).  Elettrizzato  a im  alto  grado  il  conduttore  quand* 
b avvolto  e impicciolito,  fe  dopo  viene  a diftenderii  od  allungarli, 
decade  in  lui  la  tenfione  a mifura  che  l’elettricita,  compartendofi 
a una  piu  grande  capacitd,  vien  diradata.  A IE  incontro  eletriz- 
zato  debolmente  quando  e diftefo  e gode  della  fua  maggiore 
capacita,  fe  dopo  fi  avvolge  e rappicciolifce,  va  egli  acquiftando 
viemmagior  tenfione  a mifura  che  l’elettricita  fi  raccoglie  e viene 
condenfata  in  una  capacita  minore.  Cosi  appunto  il  noftro 
difco  fe  venga  elettrizzato  quand’  e folitario  a una  forte  tenfione 
quefla  andeni  fcemando  a mifura  ch’  egli  fi  affacia  ad  un  altro 
piano  non  ifolato ; all’  incontro  elettrizzato  debolilfimamente 
quando  e proximo  a queflo  piano  o lo  combacia,  vedraffi  crefcerc 
in  lui  infgnemente  la  tenfione  a mifura  che  li  allontana  da  quel 
piano.  Si  puo  dunque  dire  che  l’elettricita  viene  qui  pure  in 
certo  modo  condenfata,  non  altrimenti  che  nelf  addotto  efempio 
del  conduttore  che  s’impicciolifce  : e quindi  il  nome  di  conden- 
Jatore  che  ho  dato  al  mio  apparecchio.  Certo  fe  non  ptio  dirll 
nel  noflro  cafo  condenfata  l'elettricita  in  minore  fpazio,  giacche 
e mafia  e volume  rimangono  i medelimi  nel  difco  che  adopc- 
riamo,  ella  e pero  confinata  in  tal  corpo  di  cui  la  capacitd  di 
grandiflima  che  era  c divenuta  come  che  lia  picciolifima. 

50.  Ora  fe  una  debole  infenfibile  forza  elettrica  di  una  boc- 
cetta  di  Leyden  o di  un  conduttore  appena  un  poco  carichi  ap- 
plicata  al  difco  giacente  puo  accumularvi  tanto  di  elettricita. 
onde  poi  levato  in  alto  difpieghi  una  forte  tenfione,  vibri  vivace 
fcintilla,  & c.  che  fara  una  carica  forte  della  boccia  o del  con- 
duttore  applicatavi  egualmente  ? Non  fara  gran  cola  dippiu, 
per  la  ragione  che  tutta  quell’  elettricita  elf  e fuperiore  in  forza 
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alia  plccola  refiftenza  cheoppone  la  fuperficie  del  piano  (46.), 
lia  perfa,  trapaflando  in  eiTo  (47.)-  Ad  °gni  modo  fe  quefto 
piano  eflendo  convenientemente  preparato  (1  1.  12.  22.),  tale 
rctifteiiza  lia  difereta,  il  difeo  non  fe  ne  ftacchera  fenza 
vibrare  d’attorno  dagl*  orli  comunque  ritondati  fiocchi  di 
luce,  per  la  ftrabocchevole  copia  di  elettricita,  di  cui  fi  tro- 
• vera  carico  : e a tanto  non  fara  neppur  necefiario  clie  la  boccetta 
che  s’impiega  a dargliela  abbia  afl'ai  forte  carica,  baftando  una 
mediocre,  e meno  che  mediocre,  tale  che  appena  giunga  a dar 
lcintilla. 

51.  Da  tutto  il  hn  qui  detto  s’intende  facilmente,  che  fe  il 
difeo  pofato  puo  prendere  buona  dofe  di  elettricita  da  una  boccia 
-di  Leyden  *,  o da  nn  ampio  conduttore,  comeche  debol ifii- 
mamente  animati,  non  lo  puo  in  alcun  modo  da  1111  conduttore 
poco  capace  (e  come  darebbe  quefti  cio  che  non  ha  ?)  a meno 
che  non  fi  continui  d’altra  parte  ad  infondere  a lui  medeiimo 

* Nclla  mia  memoria  fulla  capacita  de’  condutr.eri  femplici  dimoftro  la  graa- 
diirima  capacita  che  ha  \ina  boccia  di  Leyden  comparativamente  alia  fua  mole, 
appunto  perche  l’elettricita  che  s’infonde  ad  una  fuperficie  truova  un  gran 
compenfo  nell’  elettricita  contraria  che  prende  la  fuperficie  oppofia,  cio  che 
produce  la  folita  diminuzione  di  tenjione , &c.  Vi  fo  vedere  come  16  pollici  qua- 
drati  di  fuperficie  armata  hanno  una  capacita  eguale  a un  conduttore  di  verghe 
inargentate  lungo  prefi'o  a ioo  piedi,  il  quale  ne  ha  una  grandiflima,  talche  le  fue 
fcintille  producono  la  vera  commo-zione  in  un  grado  abbaftanza  forte.  Ivi  anche 
accenno  come  tutti  i fenomeni  della  carica  e della  fcarica  degli  firati  ilolanti,  dell’ 
elettroforo,  delle  punte.ee.  pofibno  dipendere  dall’  iftefia  azione  delle  atmosfere 
elettriche,  combinata,  per  cio  che  appartiene  agli  firati  ifolanti,  con  tin  t certa  non 
molto  grande  refifienza  che  prova  l’elettricita  ad  affiggerfi  alia  fuperficie  di  quefti 
egualmente  che  a fortirne,  c con  quella  incomparabilmente  piu  grande  e puo  dirli 
inluperabile  che  la  imped ifee  di  diffonderfi  attraverfandone  la  fpefiezza.  Intorno  a 
che  fin  dal  tempo  in  cui  pubblicai  h deferizione,  e le  principal i fperienze  del  mio 
elettroforo,  che  fu  nel  1775  (vegg.  la  Scelta  d’  Opulc.  interef.  di  quell’  anno)  io 
avta  promelfo  di  efporre  tutte  le  mie  idee  in  un  trattato  che  avrebbe  per  titolo  : 
'J el?  azione  delle  atmosfere  elettriche , e dc  fenomeni  che -tie  dcrivano  negli  firati  ifolanti. 

quella 
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quella  qualunque  debole  elettriclta,  a meno  che  la  iorgente  non 
continui  per  qualche  tempo  : il  che  ha  luogo  per  eiempio  nel 
conduttore  atmosferico  che  bee  l’elettricita  mfenhbile  aell  ana, 
e in  quello  maliffimo  ilolato  d’una  macchina  ordinaria,  il  di  cui 
giuoco  vi  mantiene  una  fi  debole  ter.Jione  di  elettricita,  die  in 
niun  modo  appara.  In  ambi  quehi  call  abbiamo  ofieivato  m- 
fatti  (4.  2^.)  che  vi  vuol  del  tempo  prima  che  il  diico  poila 
raccorre  una  dofe  lufficiente  di  elettricita. 

32.  Come  un  ampio  conduttore  tralmette  la  maffima  pa: to 
della  fua  elettricita  al  noftro  difco,  il  quale  quantunque  aflai 
piu  picciolo,  gode  pero  in  grazia  della  lua  vantaggiofa  pofizione, 
in  grazia  di  quell'  equilibria  accident ale  a cui  ii  eompone  col 
piano,  d’una  capacita  molto  piu  grande  cli  quella  che  gli  com- 
pete in  iftato  folitario ; e come  levando  in  icguito  efio  diico  in 
alto,  con  che  tolto  ogni  equilibria  o compenfo , vien  riltretto  alia 
naturale  lua  angufta  capacita,  quella  ftefla  dole  di  elettncita 
prefa  al  gran  conduttore,  e che  appunto  per  effer  egli  ii  grande 
vi  producea  fi  debole  tenjione , or  ne  pioduce  una  tanta  piu 
grande  in  coteflo  diico ; 11  ell’  ifteffa  maniera,  e pei  i egual 
ragione  l’elettricita  aumentera  una  feconda  volta  di  tenfione 
facendola  paffare  dal  difco  gia  follevato  ad  un  altro  giacentc 
molto  piu  piccolo,  da  innalzarfi  quindi  fimilmente. 

Il  Sig.  cavallo,  a cui  dietro  le  altre  mie  fperienze,  lug- 
geri  queft’  artificio,  ha  fatto  tal  picciolo  difco  d una  lami- 
netta  non  piu  grande  d’uno  fcillino.  E certo  queflo  fecondo 
condenfatore  dell’  elettricita  e utile  in  molti  call  111  cui 
l’elettricita  non  e feniibile  ancora  o dubbia  col  primo  : come  ce 
ne  hanno  afficurato  varie  prove  che  lacemmo  miieme.  Talora 
l’ordinario  difco  toccato  dal  corpo,  di  cui  ii  dubitava  fe  avcfle.j 
no  un  principio  di  elettricita,  non  movea  ancora  l’elettronactro 
fenfibiliffimo  dell’  ifteffo  Sig.  cavallo;  ma  toccato  .con  quel 
difco  r altro  picciolino,  quefto  facea  divergere  feniibilmente  le 
•st  t wit  tv  n nalot- 


-74  no  do  di  render  fenjibiliffima  la  piu  debole 

palottoline  dell’  elettrometro.  Eppure  qualche  volta  anehe  con 
queilo  non  li  otteneva  nulla,  o un’  ombra  folamente  di  elettri- 
cita.  Or  le  noi  lupponiamo  la  teiijione  elettrica  accrefciuta  a 
1000  volte  tanto  per  l’intervento  dei  due  condenfatori,  il  che 
non  e troppo,  quanto  mai  debole  eller  dovea  origin ariamente 
nel  corpo  el'aminato  ? Quanto  debole  p.  e.  quella  che  (i  eccita  in 
un  metallo  ihofinandolo  colla  mano  nuda,  giacche  communiv 
cata  al  primo,  e da  quefto  al  fecondo  picciolo  difico,  e final-  ' 
mente  all  elettrometro,  le  palle  appena  fan  cenno  di  fcoflarfi  ? 
Ma  bafla  che  facciano  tanto  per  efler  noi  convinti,  che  Felet- 
tiicita  non  e nulla,  e che  il  metallo l’ha  originariamente  contratta? 
per  lo  flroppicciamento  della  mano.  Quanto  mai  eravam  Ion- 
tani  da  una  limile  lcoperta  poclu  anni  addietro  prima  del  noflro 
condenfatore , e dell’  elettrometro  cosi  fenfibile  del  Sig.  cavallo. 
Qiianti  gradi  di  elettricita  noi  fcopriamo  adeflo  al  difotto  del 
piu  picciolo  d’allora  ? 


Ir-'u  . U i 

APPENDICE. 

HO  detto  al  § 28.  che  mi  e riufeito  finalmente  di  ottenere 
legni  diftintiffimi  di  elettricitd  e dalla  f'emplice  evaporazione 
dell  acqua,  e da  varie  effervel'cenze  chimiche.  Effendo  quefto 
im  fatto  non  meno  intereffante  che  nuovo,  ftimo  non  inop- 
portune di  tar  qui  il  racconto  fedele  delle  fperienze.  Le  prime 
dunque,  come  ivi  accenno,  fono  Rate  fatte  a Parigi  in  com- 
pagnia  di  due  fifici  illuminati  e membri  dell’  Acc.  R.  delle  Sci- 
enze.  Furono  quefti  il  Sig.  Lavoisier,  e il  Sig.  de  la  place. 
Eghno  conception  mcco  la  fperenza  di  tin  felloe  riufcimento 

quando 


Eleltric/ta  fia  Naturale , Jia  Artificiale.  275 

quando  ebbi  loro  moftrato  gli  efFetti  del  mio  condenfatore , e Ipie- 
gata  la  ragione  dei  fenomeni : confequentemente  il  Sig.  Lavoi- 
sier ne  ordino  un  grande  col  piano  dl  raarmo  bianco.  I primi 
tentativi  da  me  fatti  con  quefto  in  compagnia  del  Sig.  de  la 
place  lull*  evaporazione  dell’  acqua  e dell  eterc  non  furono 
coronati  dal  iucceft'o;  ma  il  tempo  era  cattivo,  la  ftanza  troppo- 
picciola  e ingombrata  di  vapori,  e l’apparato  non  troppo  ben 
in  ordine.  All  incontro  quelliche  ripeterono  l’iftelFo  Sig.  de  la 
place  e Sig.  lavoisier  ad  una  campagna  di  quell*  ultimo 
ebbero  buon  riufcimento.  La  qual  cola  c’invoglio  a ripetere  e 
moltiplicar  le  fperienze,  e il  fuccelFo  fu  completo,  avendo  otte- 
1 111  to  1'egni  chiarilftmi  di  elettricita  dall’  evaporazione  dell’  acqua, 
dalla  femplice  combuftione  dei  carboni,  e dall’  efFervefcenza 
delle  limature  di  ferro  nell’  acido  vitriolico  diluto.  Cio  avvenne 
il  giorno  13  Aprile  e la  maniera  di  far  l’efperienza  fu  quefta  : 
fi  ilolb  in  un  aperto  giardino  una  gran  lallra  di  metallo,  alia 
quale  era  attaccato  un  lungo  filo  di  ferro  che  veniva  a terminate 
in  contatto  dello  fcudo  o difco  pofato  ful  piano  di  marmo,  e 
quefto  tenevafi  continuamente  afciutto  e caldo  da  alquanti  car- 
boni Fottopofti.  Cio  fatto  pofimo  fu  la  detta  lallra  ifolata  al- 
cuni  fcaldini  ripieni  di  carboni  mezzo  acceli,  e lafciammo  che 
la  combuftione  ajutata  da  un  gentil  vento  che  fpirava  andafle 
rinforzandoft  per  aicuni  minuti : allora  rimovendo  lo  fcudo  dal 
contatto  del  filo  m«tallico  e quindi  da  quello  dal  marmo  con 
alzarlo  al  confueto  modo,  vi  comparvero  i fegni  afpettati  di  elet- 
tricita,  mentre  accoftato  al  nuovo  elettrometro  del  Sig.  ca- 
vallo,  fece  che  s’apriliero  i due  fili  colie  pallottoline : efami- 
nata  quefta  elettricita  ft  trovo  eflere  negative].  Si  ripete  l’efpe- 
rienza  ponendo  fulla  lallra  ifolata  invece  dei  fcaldini  quattro 
vaft  con  entro  limatura  di  ferro  e acqua,  quindi  verfando  in  tutti 
quattro  a un  tempo  abbaftanza  d olio  di  vitriolo  per  far  forgeie 

N n 2 una 
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mi  a furiofa  effervefeenza  : quando  il  piu  forte  bollore  comin- 
eiava  a cadere,  a'llora  fu  die  efplorato  lo  feudo  non  die  movere 
i fill  dell’  elettrometro  a qualche  diftanza,  ci  diede  una  fenlibile 
Icmtilla,  Anche  qui  Telettricita  ii  riconobbe  efiere  negatlva. 
Quanto  furon  vivi  e diftinti  i fegni  elettrid  con  tal  prova  dell’ 
eifervefcenza,  altrettanto  deboli  ed  equivoci  riufcirono  quefta 
volta  coll’  evaporazione  dell’  acqua  eccitata  or  con  mettere  delle 
caffe  role  con  entro  acqua  a bollire  fopra  i fcaldini  portati  come 
qui  innanzi  dalla  laftra  ifolata,  ora  con  verfar  Tacqua  in  cotefte 
cafferole  previamente  ben  rifcaldate. 

Pocbi  giorni  dopo  ripetemmo  le  fperienze  in  una  grande 
ffanza  eftendendole  alle  altre  effervefeenze  che  producono  l’aria 
fiffa,  e l’aria  nitrofa,  con  buon  fucceflo : l’evaporazione  fola 

dell’  acqua  produffe  fegni  deboliflimi  talche  ebbimo  pena  a de- 
terminare  di  quale  fpecie  foffe  1’elettricita  ; anzi  di  tre  volte,  due 
ci  parve  che  foffe  pojitiva  ; ma  v’  e luogo  a credere,  ed  io  giu- 
dico  certamente,  che  fia  ffato  un  errore. 

Ancor  pafl'ati  alcuni  giorni  fi  ritorno  alle  fperienze  effendo  di 
compagnia  anche  il  Sig.  le  roy  membro  ello  pure  dell’  Acca- 
demia  R. ; ma  ne  la  combuftione,  ne  1’evaporazione  dell*  acqua 
non  ci  diede r fegni  fenlibili  : di  che  accagionammo  Teller  l’aria 
umidillima  per  il  tempo  piovofo  che  faceva.  Pur  ne  otten- 
emmo  colla  generazione  dell’  aria  infiammabile  nel  momento 
della  piu  viva  effervelcenza : e fe  Telettricita  non  fu  quefta 
volta  cosi  forte  da  Icintillare,  lo  fu  abbaftanza  perche  ne  diftm- 
gueffimo  chiarilimamente  la  fpecie,  che  era  negativa . 

Prima  di  lafeiar  Parigi  (che  fu  il  23  Aprile)  volendo  io 
moftrare  qualche  fperienza  di  quefto  genere  ad  un  am  afore  di 
elettricita  e valente  machin-ifta,  il  Sig.  billaum,  una  volta 
che  mi  trovai  nel  iuo  laboratorio,  preli  una  giara  di  vetro,  e 
fofpefala  a un  cordoncmo  di  feta  vi  mill  i material i per  la  produ- 
3 zione 
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7j one  dell’  aria  mfiammabile : avea  fatto  entrare  nella  giara 
rnedeiima  un  filo  di  ferro  in  modo  che  toccalle  la  limatuia  e i 
altro  fuo  capo  fporgente  veniile  a commuiucaic  coil  electio- 
metro  lenlibihfiimo  del  Sig.  cavallo.  Quando  1 effervtlcen/.a 
fu  falita  al  lom mo  e la  lpuma  iormontava  i labbn  del  valo, 
le  palle,  fcoftandofi,  dieder  fegno  di  elettricita  ; ne  quelta  fu 
cosi  debole,  che  non  potelfe  conofcerfi  eliei  negati  on. 

Le  fperienze  coll’  evaporazione  dell’  acqua,  che  non  avean 
troppo  bene  corrilpollo  a Parigi,  ebbero  molto  miglioi  fuc  - 
ceffo  a Londra,  quando  mi  lugger!  l’efpediente  di  gettere  dell 
acqua  fopra  i carbon i acceli  ch’  erano  in  uno  fcaldino  il'olato. 
L’effumazione  rapida  che  fuccede  non  manca  mai  di  elettiizzaie 
lo  fcaldino  negatroa mente,  il  quale  da  fegni  abbadanza  lenfibili 
col  folo  elettrometro,  e col  condenfatore,  fe  e ben  preparato, 
arriva  a produr  fcintille.  Si  trovarono  prefenti  la  pnma  volta 
a quelle  fperienze  in  cafa  del  Sig.  bennet  grand’  amatore  di 
elettricita,  il  Sig.  cavallo  e il  Sig.  kirwan  membri  della  S. 
K.  e il  Sig.  walker  lettore  di  fifica.  Ci  fervimmo  per  appa- 
recchio  condenfatore  d’un  picciolo  fcudo  d’elettroforo,  e d’un 
piattello  di  legno,  che  ll  trovb  al  giullo  punto  femicoibente,  il 
che  e raro  quando  il  legno  non  e inverniciato. 

U11’  altra  volta  in  cafa  del  Sig.  cavallo  riufcl  1 efperienza 
ifolando  un  picciolo  crogiuolo  con  entro  due  o tre  carhoni  acceli 
e quindi  verfandovi  un  cucchiazo  d’ acqua : un  filo  di  terro  che 
toccava  i carboni,  ed  ellendevafi  fino  all’  elettrometro,  vi  porto 

fenfibile  elettricita  e lempre  negatroa. 

Quelle  fono  le  fperienze,  che  fino  ad  ora  ho  avuto  occafione 
di  fare  • intorno  alle  quali  non  debbo  tralafciar  di  dire,  che 
febbenc  non  aveffimo  fempre  bifogno  dell’  apparecchio  conden- 
fatore (il  quale,  fe  non  e beniffimo  in  ordine,  a nulla  lerve,  e 
puo  nuocere  anziche  giovere)  per  aver  legm  non  dubbi,  il  iolo 
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elettrometro  fenfibiliflimo  del  Sig.  cavallo  avendoci  baftato 
piu  volte  ; convien  pero  confeflare  che  fi  fu  quell’  apparecchio 
die  ci  mife  fulla  via  di  tali  fperienze,  e che  col  mezzo  fuo  fola- 
meute  potemmo  ottenere  fegni  di  una  certa  forza,  e fin  la  fcin- 
tilla  elettrica.  Io  non  dubito  che  eflendo  ora  refe  cosl  facili  tali 
fperienze,  non  fiano  per  eflere  e ripetute  e promofle.  II  campo 
e lolamente  aperto,  e mclto  refta  ancora  a fare.  Se  i corpi 
iilolvendofi  in  vapori  o in  un  fluido  elaftico  11  caricano  di  fuoco 
elettrico  a fpefe  degl’  altri  corpi,  e gli  elettrizzano  per  confe- 
guenza  negativamente , venendo  in  leguito  1 vapori  medefimi  a 
condenfarii,  non  cercheranno  effi  di  deporre  quefto  carico,  e 
non  produrranno  confeguentemente  fegni  di  elettricita  pojitiva  f 
Ecco  cio  che  merita  fingolarmente  d’effere  verificato  coll’  efpe- 
rienza.  Io  ho  gia  immaginato  diverfi  modi  di  tentare  la  cofa 
che  mettero  alia  prova  tofto  che  ne  abbia  il  commodo.  Intanto 
mi  fia  qui  permeffo  di  dar  corfo  per  un  momento  alle  idee  che 
volgo  in  mente  intorno  all*  elettricita  atmosferica. 

Le  fperienze  fatte  fin  qui,  e che  abbiamo  riferite,  bench® 
non  fian  molte,  tutte  pero  concorrono  a moftrarci  che  i vapori 
dell’  acqua,  e generalmente  le  parti  d’ogni  corpo,  che  fi  ftac- 
cano  volatilizzandofi,  portano  via  feco  una  quantita  di  fluido 
elettrico  a fpefe  dei  corpi  fifli  che  rimangono,  elettrizzandoli 
con  cio  negativamente , non  altrimenti  che  ne  portan  via  una 
quantita  di  fuoco  elementare,  con  cio  raffreddandoli.  Quindi 
volli  inferire  che  i corpi  rifolvendofi  in  vapori,  o prendendo 
l’abito  aereo,  acquiftino  una  maggiore  capacita  rifpetto  al  fluido 
elettrico,  giufto  come  l’acquiftano  maggiore  rifpetto  al  fuoco 
comune  o fluido  calorifico.  Chi  non  fara  colpito  da  cosi  bella 
analogia,  per  cui  l’elettricita  porta  del  lume  alia  novella  dot- 
trina  del  calore,  e ne  riceve  a vicenda  ? Parlo  della  dottrina  dal 
erdor  latent e o fpecifico , come  fi  vuol  chiamare,  di  cui  black  e 
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WILKE  colle  ftupende  loro  fcoperte  ban  gettato  i femi,  e che  e 
ftata  ultimamente  tanto  promofla  dal  Dr.  crawford  dietro  le 
fperienze  del  Dr.  irwine. 

Seguendo  quefta  analogia  become  i vapori  allorche  fi  conden- 
fano  e ritornano  in  acqua,  e confeguentemente  alia  primiera 
piu  angufta  capacita,  perdono  11  lor  calore  latent e,  oftia  depon- 
gono  11  dippiu  di  fuoco  che  fi  avevano  appropriate  volatizzan- 
dofi ; cosi  pure  daran  fuori  il  fluido  elettrlco  divenuto  ora  ridon- 
dante.  Ed  ecco  come  11a fee  l’elettricita  di  ecceflb,  che  domina 
fempre  piu  o meno  nelT  aria  anche  ferena,  a quell’  altezza  che 
i vapori  cominciano  a condenfarfi ; la  quale  e piu  fenfibile  nelle 
nebbie,  ove  quelli  li  condenfano  maggiormente,  e gia  fi  figu- 
rano  in  goccie  ; e infino  fortiffima  laddove  le  folte  nebbie  fi 
agglomerano  in  nubi.  Fin  qui  Telettricita  dell’  atmosfera  fara 
fempre  fofitiva . Ma  formata  che  fia  una  nube  potentemente 
elettrica  in  piu,  ella  avra  una  sfera  di  attivila  intorno  ad  efla^ 
nella  quale  fe  avviene  ch’  entri  un’  altra  nube,  allora  giufta  le 
note  leggi  delle  atmosfere,  gran  parte  del  fluido  elettrico  di 
quefta  feconda  nube  fi  ritirera  verfo  l’eflremita  piu  lontana  dalla 
prima,  e potra  anche  fortirne  ove  incontri  o altra  nube,  o vapori, 
o prominenze  terreflri  che  lo  poflan  ricevere : ed  ecco  una  nube 
elettrizzata  negativamente , la  quale  potra  a fua  pofla  occaflonare 
coll’  influflo  della  propria  atmosfera  1’elettricita  fofitiva  in  una 
terza,  &c.  di  quefta  maniera  s’intende  beniffimo  come  fl  poflano- 
avere  fovente  ne  conduttori  atmosferici  fegni  di  elettricita  nega- 
tiva  a celo  piu  che  coperto ; e come  ne’  temporal!  fpecialmente, 
eve  molte  nubi  li  veggono  penfili  e ftaccate  vergere  al  baflo,  e 
or  ondeggiare  per  qualche  tempo,  ora  fcorrere  le  une  lotto  le 
nitre,  or  trafportarli  rapidamente,  l’elettricita  cambj  piu  volte, 
e fpeflo  a un  tratto  da  pofitiva  in  negatha , e vice-verfa. 


Or 
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Or  anche  non  fia  pin  flupore  che  le  eruzioni  de  vulcani,' 
fiano  (late  fovente  accompagnate  da  fulmini  in  ifpecie.  Quella 
ftrepitofiffima  del  Vefuvio  dell’  anno  1 779’  *11  cul  infinite  faette  fi 
fon  vedute  guizzare  entrogl’  immenfi  globi  di  fumo  eruttati.  Le 
poche  fperienze  fatte  mi  han  dato  a vedere  che  la  quant  it  a di 
elettricita  prodotta  dalle  effumazioni,  dipenda  moito  e dalla 
copia  dei  fumi  che  s’alzano  e fingolarmente  dalla  rapidita.  Or 
quale  e quanta  non  dee  effere  l’elettricita  in  fimili  eruzioni  \ 


\ 
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XV  II.  Extract  of  a Regijler  of  the  Barometer  ^ 'Thermometer* 
ana  I\a/n,  at  Lyndon,  hi  Rutland,  1780.  By  Thomas 
Barker,  Efquire , 


Read  April  1 1,  1782. 
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Morn. 

Aftern. 

3<V5 

29,82 

3°,°i 

29,88 

29.95 

29.88 

29.96 

29.89 
29,86 

3°,c° 

29,74 

29,68 

2 8,55 
28,32 
29,46 
28,92 
29,20 
29,00 
29,22 
29,02 
29,04 
28,96 
28,49 
29,00 

29:4S 

29,29 

29:74 
29:43 
29,60 
29,40 
29:59 
29:45 
29:45 
29,67 
29,22 
2 9: 34 

46J 

46 

46J 

47 
51 
53 2 
57 
53 
66 
70 
69 

73 

68 

71! 

7°i 

72-I 

65 

67 

59 

61 

5i 

5'i 

5° 

51 

32 

33 
33 

39 

40 

42 

41 

43 

47 

48 

58 

59 

61 

62 

60 

61 

5°I 

51 

44 

44 

40J 

41 

37i 

37 

38 

38 

42j 

43 

46 

47  2 

50 

51! 

54 

55 
62 

63i 

64 

66 

65 

66i 

59 

60 

5 2i 
53 

45 

46 

43 1 

44 

47 

5°Z 

45 

52| 

44i 

56| 

53 

64 

64 

76i 

69 

79l 

67 

79l 

64 

80 

63 

80 

59 

66 

52 

54 
51 

53 

21 

25 

3° 

36i 

30 

40 

33i 

39 

38 

47i 

52 

57 

49 

62 

49l 

61 

38 

5°2 

261 

41 

28 

35 

28I 

33i 

32 
36 
3/2 
44 

33 
48 

43 
54 
47 

59i 

60 

67 

58J 

7°1 

57 

7i 

52 

63 

44 
53l 
39 

45 
39 
42I 

2,264 

1,664 

0,160 

J:938 

°:974 

2,958 

1,683 

1,097 

4,004 

0,081 

2,296 

L703 

20,822 

O o 
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282  Mr.  barker’s  Regifer  of 

The  ground  was  unufually  dry  the  firft  half  of  January, 
and  want  of  water  in  fome  places.  Inclined  to  froft,  but  not 
fixed;  one  for  a week  was  followed  toward  the  end  of  the  month 
bv  a fmarter but  (hotter  with  a good  deal  of  fnow,  and  went  away 
with  rain  and  floods ; then  (bowery,  and  in  February  often 
(lormy.  The  month  of  March  was  drier,,  generally  fine,,  a 
good  feed-time,  and  the  middle  of  the  month  warm  and  grow- 
ing ; but  cold  N.E.  winds  at  the  end.  Soon  after  April  came 
in,  the  weather  was  fine  and-growing,  fometimes  (bowery,  and 
the  middle  being  very  warm  brought  on  things  very  much  ; 
hut  the  end  of  the  month,  and  beginning  of  May,  cold  N.E. 
winds,  yet  fometimes  hot  fun.  About  the  middle  of  May  was 
lhowerv  and  growing;  but  the  end  of  it,  and  beginning  of 
June,  hot,  dry,  clear,  and  burning  June  3d,  began  (bowers 
and  often  thunder,  which  being  feveral  times  repeated  for  a 
fortnight,  and  hot  weather  with  it,  made  plenty  of  grals  in 
this  country  and  fome  others ; but  where  tire  rains  were  (mailer, 
as  they  were  about  London,  in  Suflex,  and  other  places,  it 
only  frefhened  the  ground  without  growing  much.  The  begin- 
ning of  hay-time  was  very  fine,  a wet  week  in  the  middle  did 
net  greatly  hurt  the  hay,  and  was  very  good  for  the  turnips, 
then  newly  fown.  The  latter  half  of  July,  and  almoft  all 
Auguft,  were  very  diy,  hot,  and  burning ; the  harveft  almoft 
all  very  well  got,  except  fome  of  the  peaie,  which  were  either 
not  got  in,  or  the  hovels  not  thatched,  when  the  great  rain 
came  September  2.  There  was  a great  crop  of  wheat,  but  in 
fome  places  it  was  mildewed  ; the  barley  was  univerfally  good  ; 
the  peafe  uncertain.  The  general  prices  were,  wheat  thirty-eight 
(hillings,  barley  lixteen  or  feventeen  (hillings,  oats  eleven  or 
twelve  (hillings,  peafe  and  beans  about  twenty-two  or  twenty- 
three  (hillings  a quarter. 
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The 


the  Weather  at  Lyndon.  283 

The  ground  was  now  exceedingly  burnt,  and  great  want  of 
water  ; but  in  the  firft  half  of  September  there  came  fo  much 
rain,  the  ground  already  warm,  and  hot  weather  with  it,  that 
in  a fortnight’s  time  there  was  plenty  of  grafs.  The  autumn 
was  in  general  fine  and  pleafant,  and  the  latter  end  of  Septem- 
ber and  all  October  fcarce  any  rain,  fo  that  at  the  end  of  the 
month  the  grafs  in  fome  places  plainly  began  to  burn,  which 
was  remarkable  fo  late  in  the  year,  and  after  its  being  fo  fruitful 
in  September;  and  notwithftanding  fome  fhowery  weather  in 
the  former  part  of  November,  the  roads  were  rather  dufty  the 
beginning  of  December;  then  dark,  mifty,  raw,  cold  eaft 
winds,  but  milder  again  and  fhowery  till  the  end  of  the  year. 
It  has  been  an  uncommonly  open  feafon,  there  have  been  lome 
frofty  mornings,  and  one  day  or  two  it  fcarce  went  away  in 
the  fhade  ; but  there  has  not  been  one  thorough  frofty  day  yet, 
and  there  has  been  thunder  at  Chriftmas. 
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METEOROLOGICAL  JOURNAL 
for  January  1781. 


Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds 

. 

Weather. 

H. 

M. 

# 

Inches. 

Inch. 

Points. 

Str. 

I 

8 

0 

45,° 

47,o 

29,80 

SW 

1 

Cloudy. 

2 

0 

46,0 

47,o 

29,7.1 

SW 

1 

Cloudy  and  rain. 

.2 

8 

0 

34,5 

43,5 

29,37 

0,045 

W by  N 

1 

Fair. 

2 

0 

40,0 

45,0 

29,61 

NW 

1 

Fine. 

n 

0 

8 

0 

33,5 

38,° 

29,76 

N by  W 

1 

Fair. 

2 

0 

38>° 

39,o 

29,88 

N by  W 

1 

Fine. 

4 

8 

0 

28,0 

35,o 

3°>01 

NW 

1 

Fair  and  frolty.. 

2 

0 

34,o 

36  0 

30,05 

NW 

1 

Cloudy. 

5 

8 

0 

25,0 

32,° 

30,20 

ssw 

1 

Frofly.. 

2 

0 

32>° 

33,o 

30,23 

SW 

1 

Frofty. 

6 

8 

0 

35,o 

33,5 

3°,21 

ssw 

1 

Cloudy. 

2 

0 

4°,° 

36>5 

30,25 

SW 

1 

Cloudy. 

7 

8 

0 

38,5 

37,o 

30,22 

SSW 

1 

Cloudy. 

2 

0 

46,0 

40,5 

3°, 10 

W by  S 

1 

Fair. 

8 

8 

0 

4°’5 

4L5 

30,3 1 

0,042 

N by  E 

.1 

Fair. 

2 

0 

42,5 

4T5 

30,39 

ENE 

2 1 

Cloudy. 

9 

8 

0 

32,5 

37,5 

30,54 

NNE 

2 

Fair. 

2 

0 

37,5 

38,5 

30,55 

NE 

^2 

Fine. 

2:0 

8 

0 

32,° 

34,o 

30,52 

E by  N 

2 

Cloudy. 

2 

0 

33,5 

35,o 

30,50 

E by  N 

2 

Cloudy. 

I I 

8 

0 

32,° 

33,5 

3°,  3 8 

E by  N 

.3 

Cloudy. 

2 

0 

3‘,o 

33,5 

30,32' 

NE 

3 

Cloudy. 

12 

8 

0 

3T5 

32,° 

30,26 

ESE 

1 

Foggy. 

2 

0 

35,o 

35,o 

30,24 

SE 

1 

Cloudy. 

13 

8 

0 

33,° 

34,o 

3°, 11 

ENE 

1 

Foggy. 

2 

0 

35,° 

35,o 

30,16 

NE 

1 

Cloudy. 

14 

8 

0 

29,0 

32,° 

30,04 

E by  N 

1 

Foggy. 

2 

0 

34,o 

35,o 

29,98 

ENE 

1 

Cloudy. 

*5 

8 

0 

30,5 

33,5 

29,92 

ENE 

1 

Foggy. 

2 

0 

36,0 

35,o 

29,89 

NE 

1 

Fine. 

16 

S 

0 

r3’,° 

3 3 ,5 

29,89 

ENE 

1 

Foggy. 

2 

0 

33,5 

.33,5 

29,8  i 

NE 

1 

Cloudy. 

/ 


* 


M E T E- 


[ *8;  ] 


s 


METEOROLOGICAL  JOURNAL 

for  January  178-1.  » 


Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds 

• 

Weather. 

H.M. 

inches. 

Inch. 

Points. 

Str. 

Jan.  17 

8 

0 

32,5 

33’° 

29.582 

ENE 

1 

Foggy. 

2 

0 

38,° 

35>° 

29,76 

NE 

1 

Rainy. 

18 

8 

0 

4°,° 

37’° 

29,57 

0,190 

E by  N 

1 

Rainy. 

2 

0 

4-5  >° 

39,0 

29,56 

NE 

1 

Cloudy. 

19 

8 

0 

37,5 

4°,° 

29,78 

0,221 

NNE- 

1 

Fine. 

2 

0 

41,0 

4*,5- 

29,86 

NNE 

1 

Fine. 

20 

8 

0 

34,o 

38,o 

3°,°5 

SE 

1 

Foggy. 

2 

0 

4L° 

40,0 

29,99 

i>E 

1 

Fine. 

21 

8 

0 

44,0 

40,0 

29,45 

SW 

1 

Foggy. 

2 

0 

4L5 

42,5 

29,44 

NNE 

1 

Rainy.. 

22 

8 

0 

32,0 

38,0 

29,65 

0,073 

SE 

1 

Fair. 

2 

0 

33-° 

38>° 

29,6b 

SE 

1 

Fine.. 

23 

8 

0 

26,0 

32, 0 

29,39 

ENE 

1 

Foggy. 

2 

0 

32,o 

34,o 

29,37 

SE 

1 

Cloudy  with  fnow 

24 

8 

0 

35,5 

34,o 

29,16 

SW 

1 

Rainy. 

2 

0 

4-1,0 

37,o 

29,04 

8 VV 

1 

Rainy. 

25 

8 

0 

3 1 ’5 

33,° 

29,32 

NW 

1 

Fair. 

2 

0 

35,° 

36,0' 

29,52 

N W 

1 

Fine. 

26 

8 

0 

35,° 

34,o 

29,09 

0,485 

SSE 

1 

Rainy. 

2 

0 

37?° 

38,o 

29,23 

SE 

1 

Cloudy. 

27 

8 

0 

26,5 

32,5- 

3°,°5 

. WSW 

1 

Fine. 

2 

0 

36>° 

37,o 

3°>I3 

SW 

1 

Sine. 

28 

8 

Q 

46,5 

37,o 

29,93 

0,063 

SW 

2 

Cloudy. 

2 

0 

5L5 

42,0 

29,94 

ssw 

2 

Cloudy. 

29 

8 

Q 

46,5 

43,o- 

29,89 

SSW 

2 

Cloudy. 

2 

O 

5°>5 

46,0 

29,89 

SW 

2 

Cloudy. 

3° 

8 

O 

47>° 

47,5 

29,75 

0,229 

SW 

2 

Cloudy. 

2 

0 

48.° 

49,o 

29,81 

SW 

O 

0 

ihowery. 

31 

8 

O 

35’5 

43’5 

3°,  22 

WNW 

I 

Fine. 

2 

O 

45 -° 

4+,°; 

30,22 

SW 

I 

p ine... 
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METEOROLOGICAL  JOURNAL 


for  February  1781. 


Lime. 

Therm. 

without 

1 herm. 
within. 

Barom-. 

Ram. 

VV  inds. 

Weather. 

H. 

M. 

• 

Inche'. 

inch. 

Points. 

Str. 

Feb.  1 

8 

0 

42,0 

43  0 

3°,°5 

0,1 10 

SSW 

I 

Rainy. 

2 

0 

49>° 

40,0 

30,01 

NW 

I 

Fine. 

0 

8 

0 

40,5 

43» 0 

3°  *9 

0,120 

sw 

I 

Foggy. 

2 

0 

46,0 

46,0 

3°,  1 2 

NW 

I 

Rainy. 

3 

8 

0 

4>,5 

44,o 

3°'33 

SSW 

1 

Cloudy. 

2 

0 

43>° 

46,0 

30,34 

sw 

I 

Cloudy. 

4 

8 

0 

43,° 

46,0 

3°’34 

sw 

I 

Cloudy. 

2 

0 

48,0 

47,o 

30,05 

sw 

I 

Fine. 

5 

8 

0 

44»5 

44,o 

29,78 

sw 

I 

Fine. 

2 

0 

5°50 

49,0 

29,75 

sw 

1 

Cloudy. 

6 

8 

0 

46,5 

49,o 

29.88 

sw 

I 

Cloudy. 

2 

0 

52>° 

51’0 

29,96 

sw 

I 

Fine. 

7 

8 

0 

48,5 

46,5 

30,03 

wsw 

I 

Fine. 

2 

0 

40,0 

43,o 

29,73 

sw 

2 

Cloudy. 

8 

8 

0 

47,5 

48,5 

29, 51 

0,233 

SSE 

2 

Rainy. 

2 

0 

52,0 

50,5 

29,59 

SW 

2 

Fine. 

9 

8 

0 

40,0 

46,0 

29,82 

sw 

I 

Fine. 

2 

0 

52,5 

50,0 

29  83 

sw 

I 

Cloudy. 

10 

8 

0 

48,0 

49,o 

29,88 

SSW 

3 

Cloudy. 

0 

0 

5°,° 

5°,° 

29,74 

sw 

3 

Cloudy. 

1 1 

8 

0 

42,5 

47,o 

29,58 

0,081 

sw 

2 

Fine. 

2 

0 

5LO 

50,5 

29  59 

sw 

2 

Fine. 

12 

8 

0 

47,o 

49,0 

28,95 

0,43° 

sw 

3 

Cloudy. 

2 

0 

44,0 

46,0 

29,96 

sw 

1 

Cloudy. 

*3 

8 

0 

43>° 

45  0 

29, 36 

sw 

2 

Cloudy. 

2 

0 

47,o 

47,5 

29,39 

NW 

2 

Fine. 

14 

8 

0 

39,5 

45'° 

29  59 

0,150 

wsw 

1 

Cloudy. 

2 

0 

44,5 

44,o 

29,52 

NW 

2 

Fine. 

15 

8 

0 

35,o 

41,0 

29,98 

NW 

1 

Fhne. 

2 

0 

43  5 

44,o 

3°>°5 

sw 

1 

Fine. 

16 

8 

0 

33,o 

37,o 

3°»°9 

wsw 

1 

Fine. 

• 2 

0 

44,o 

42,0 

30,02 

NW 

1 

Fine. 
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METEOROLOGICAL  JOURNAL 


for  February  1781. 


• 

Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

W eatlier. 

H.  M. 

Inches. 

Inch. 

Points. 

Str. 

Feb.  17 

8 

0 

3*»5 

37,5 

30,12 

NW 

1 

Fine. 

2 

0 

42,0 

44,o 

3°, °7 

NW 

2' 

Fine. 

18 

8 

0 

31,0 

36,° 

3°,°9 

N by  W 

I 

Fair. 

2 

0 

43,5 

40,5 

3°,°3 

SW 

I 

Cloud  v. 

r-, . 4 

l9 

8 

0 

37,° 

39,o 

29,79 

NW 

I 

r me. 

2 

0 

43,5 

42,5 

29,81 

NW 

I 

Cloudy. 

20 

8 

0 

37>° 

39,0 

30,22 

SW 

I 

Cloudy. 

2 

0 

42,5 

4i,5 

3°,23 

NE 

I 

Fine. 

21 

8 

0 

34,° 

38,0 

3°, 16 

NNE 

I 

Cloudy. 

2 

0 

35,5 

39,5 

3°,°9 

NE 

I 

Rainy. 

22 

8 

0 

33>° 

36,0 

3°, 12 

0,073 

NNE 

I 

h ine. 

2 

0 

4ij5 

39,° 

30,14 

NNE 

I 

Fine. 

2 3 

8 

0 

37,5 

37,o 

3°,°3 

NW 

I 

Cloudy. 

2 

0 

43,5 

41,0 

29,89 

NW 

I 

Cloudy. 

24 

8 

0 

40,5 

42,0 

29,71 

0,131 

SW 

I 

Cloudy. 

2 

0 

49,° 

44,o 

29,71 

SW 

I 

Rainy. 

25 

8 

0 

43,° 

45,o 

29,17 

0,150 

N W 

I 

t*  ine. 

2 

0 

44,o 

46,5 

29,!9 

NW 

I 

Fine. 

26 

8 

0 

37,o 

4T,o 

29,08 

s vv 

I 

Cloudy. 

2 

0 

4i,5 

43,o 

29,08 

SW 

I 

Fine. 

27 

8 

0 

39,o 

41,0 

29,26 

0,072 

SW 

I 

Cloudy. 

2 

0 

45,o 

47,o 

29,88 

NW 

3 

Cloudy. 

28 

8 

0 

37»S 

41,0 

29,79 

0,126 

NW 

1 

Fine. 

2 

0 

45,° 

46,0 

jr 

29,97 

NW 

1 

Fine. 

p P 


Vol.  LXXII 


METE 


[ 29°  ] 


METEOROLOGICAL  JOURNAL 
for  March  1781. 


rime. 

Therm. 

without 

Therm. 

within. 

Earom. 

Rain. 

Winds. 

Weather, 

H.M. 

Inches. 

Inch. 

Points. 

Str. 

. I 

7 

0 

35>° 

4L5 

30,19 

SW 

1 

Fine. 

2 

0 

47,o 

43'5 

30,06 

sw 

1 

Rainy. 

2 

7 

0 

4LO 

43,o 

30,26 

0,120 

wsw 

1 

Cloudy. 

2 

0 

5°, 5 

47,o 

30,26 

NW 

1 

Fine. 

3 

7 

0 

48,0 

49,o 

30,26 

SW 

1 

Cloudy. 

2 

0 

55-o 

5L° 

30,26 

wsw 

1 

Cloudy. 

4 

7 

0 

47,° 

5*,o 

30,18 

? SW 

- 1 

Cloudy.. 

2 

0 

50,5 

5L5 

3°, 10 

sw 

1 

Cloudy. 

5 

7 

0 

45,5 

5L5 

3°, T4 

sw 

1 

Cloudy. 

2 

0 

5L° 

5L5 

30,22 

NE 

1 

Cloudy. 

6 

7 

0 

37,o 

47,o 

30,36 

0,C02 

SW 

1 

Fine. 

2 

0 

52,5 

5LO 

30, 3 S 

sw 

1 

Fine. 

7 

7 

0 

35 ,5 

45,5 

3°,25 

« 

sw 

1 

Cloudy. 

2 

0 

5L° 

49,o 

30,19 

wsw 

1 

Fine. 

8 

7 

0 

37,5 

40,0 

30,11 

ssw 

> 1 

Rainy. 

2 

0 

48,0 

47,5 

3°, 1 9 

ssw 

: I 

Cloudy. 

9 

7 

0 

43,° 

48,5 

30,22 

0,170 

sw 

1 

Fine. 

2 

0 

55>o 

50,5 

30,17 

ssw 

1 

Fine. 

10 

7 

0 

44'5 

49,5 

3°>*7 

* 

wsw 

l 1 

Fine. 

2 

0 

55,° 

52,0 

3°,*  7 

NW 

1 

Cloudy. 

1 1 

7 

0 

38,5 

48,5 

3°,  1 9 

NNE 

1 

Fine. 

2 

0 

5L5 

50,0 

30,2 1 

NNE 

1 

Fine. 

12 

7 

0 

32,0 

42,0 

30,27 

f 

SE 

I 

Cloudy., 

2 

0 

42,0 

46,0 

30,28 

NW 

I 

Cloudy. 

13 

7 

0 

4L° 

44,5 

30,32 

{ 

NE 

I 

Fine. 

2 

0 

49,5 

48,0 

30,3* 

SE 

I 

Fine. 

14 

7 

0 

32,5 

38,5 

3°, 33 

NE 

1 

Cloudy. 

2 

0 

45,5 

44,o 

3°, 33 

ESE 

I 

Fine. 

J5 

7 

0 

33,5 

37,o 

30,44 

NE 

I 

Fine.. 

2 

0 

48,5 

47,o 

30,46 

ENE 

1 

Fine.. 

16 

7 

0 

36>° 

37,5 

30,39 

ENE 

I 

Cloudy. 

2 

0 

46,5 

46,0 

30,34 

ENE 

1 

Fine. 

METE- 
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METEOROLOGICAL  JOURNAL 
for  March  1781, 


Time. 

Therm 

without 

iTlierm. 

within. 

Barom. 

Rain. 

Winds. 

! Weather. 

H.M. 

Inches 

Inch. 

Points. 

Str. 

Mar.  1 7 

7 0 

39>° 

38.5 

30,22 

ESE 

1 

Cloudy. 

2 0 

50,5 

48,0 

30,16 

ENE 

1 

"ine. 

18 

7 0 

33’° 

4i.5 

3°,°9 

SSE 

1 

Foggy. 

2 0 

57>o 

47,o 

30,06 

wsw 

1 

’ ine. 

l9 

7 0 

39:° 

46,5 

30,H 

NW 

I 

H ine. 

2 0 

S5.o 

49,o 

30,H 

wsw 

1 

? ine. 

20 

7 0 

4L5 

44,5 

30,22 

NNW 

1 

;,°ggy. 

2 0 

60,0 

5J,o 

30,22 

NW 

1 

M ine. 

2 z 

7 0 

45.0 

50,0 

30,18 

W by  S 

1 

•<  ine. 

2 0 

57.5 

58,0 

30,16 

WSW 

I 

Pine. 

22 

7 0 

4L5 

46,5 

s0,^ 

v\  SW 

I 

tune. 

2 0 

58,0 

53,5 

30,18 

sw 

I 

Fine. 

23 

7 0 

41.5 

46>5 

30,38 

SE 

1 

Fine. 

2 0 

51,0 

5°,  5 

30,35 

ENE 

1 

Fine. 

24 

7 0 

36>o 

42,o 

30,47 

NW 

1 

Foggy, 

2 0 

56,0 

49,0 

3°:4’7 

SE 

I 

rine. 

25 

7 0 

38,0 

46,0 

30, 46 

NE 

1 

Fine. 

2 0 

60,5 

51.O 

30,29 

SW 

1 

Fine, 

26 

7 0 

39  >° 

43,0 

29,91 

WSW 

I 

Fine. 

2 0 

47.0 

50,5 

30,01 

NE 

2 

Rainy. 

27 

7 0 

48,5 

43,5 

30,02 

NW 

1 

F ine. 

28 

2 0 
7 0 

49.0 

34.0 

44.0 

39.0 

a9>93 

29,88 

NW 

NE 

2 

I 

Fine, 

Fine. 

2 0 

48,0 

45,o 

29,89 

NE 

2 

Fine, 

29 

7 0 

34.0 

37.0 

29,92 

NE 

2 

Cloudy, 

2 0 

43>° 

42,0 

a9>9* 

NE 

2 

Fine. 

3° 

7 0 

35>5 

37j5 

29,91 

NE 

2 

Fine. 

2 0 

47>° 

42,0 

*9,9* 

NE 

2 

Fine, 

31 

7 0 

3$’S 

3S,o 

30,09 

ENE 

1 

Foggy. 

2 0 

3L° 

43,5 

3Q»°9 

NE 

2 

Cloudv. 

■ ■ ' *? 

METE- 
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1 

( 

METEOROLOGICAL  JO 
for  April  i ^8 1, 

URNAL 

I 

i 

1 ; 

lie. 

1'heriu. 

1 herm. 

Barom. 

Rain. 

Winds. 

without 

within. 

j 

VV  Culllvl • 

H. 

M. 

Inches. 

Inch. 

Points. 

Sir. 

Apr.  i 

7 

o 

37o 

38,° 

29,91 

ESE 

1 

Fine. 

2 

o 

3 7,0 

43.o 

.29,8 1 

E by  S 

1 

Fine. 

2 

7 

o 

37,0 

42,0 

29.74 

SW 

1 

Fine. 

2 

o 

53^5 

47.o 

29.83 

ENE 

1 

Fine. 

3 

7 

o 

37.5 

44.5 

29.98 

NE 

1 

Fine. 

2 

o 

5 3. 5 

52,0 

29.94 

SE 

1 

Fine. 

4 

7 

o 

38>° 

43.o 

29,76 

NE 

1 

Cloudy. 

2 

o 

43.5 

44.o 

29.63 

NE 

1 

Cloudy. 

5 

7 

o 

40,0 

43.5 

29.34 

SE 

1 

Cloudy. 

2 

o 

5LO 

48,0 

29.29 

SE 

1 

Cloudy. 

6 

7 

o 

45*0 

48.5 

29.37 

SW 

1 

Cloudy. 

2 

o 

So,5 

49.5 

29.38 

SW 

1 

Fine. 

7 

7 

o 

46,0 

49.0 

29.57 

SW 

1 

Fine. 

2 

o 

51,0 

5L5 

29.51 

SE 

1 

Rainy. 

8 

7 

o 

48,0 

50.5 

29.53 

0,150 

SW 

2 

Cloudy. 

2 

o 

5°>° 

65,0 

29,68 

SW 

2 

Fine. 

9 

7 

o 

53.° 

54.0 

29,72 

0,200 

SW 

2 

Rainy. 

2 

o 

50,0 

60,0 

29,82 

NW 

2 

Fine. 

10 

7 

o 

54.o 

57.5 

29.74 

SW 

1 

Rainy. 

2 

o 

62,5 

60,0 

29.76 

SW 

2 

Fine. 

ii 

7 

o 

49,° 

5L5 

29.73 

0,140 

SE 

I 

Fine. 

f 

2 

o 

57.0 

56j° 

29,66 

SE 

I 

Cloudy. 

' 12 

7 

o 

49.0 

54.5 

29.52 

NW 

I 

Cloudy. 

2 

o 

61,5 

58.o 

29.64 

NW 

r% 

■*■4 

Cloudy. 

J3 

7 

o 

3 9.5 

5LO 

29.96 

0,095 

SSW 

I 

Fine. 

2 

o 

54.o 

53.5 

29.99 

SW 

I 

Fine. 

14 

7 

o 

40,0 

45.0 

29,91 

WSW 

I 

Fine. 

. 

2 

o 

58,0 

52,5 

29.79 

SW 

I 

Fine. 

15 

7 

o 

46,0 

47.o 

29,79 

SW 

I 

Fine. 

2 

o 

62,0 

66,5 

29,81 

SW 

I 

Fine. 

16 

7 

o 

46,0 

49.0 

29,88 

SW 

I 

Fine. 

2 

o 

53.o 

58.5 

29,86 

SSW 

I 

Fine. 

4 
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METEOROLOGICAL  JOURNAL 

for  April  1781. 


Time. 

Cherm.j 

without 

lhenn 

within. 

Barom. 

Kain. 

Winds. 

Weather. 

H.M. 

nches. 

nch. 

Points.  | 

5tr. 

Apr.  17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

2C 

t - 

7 0 
2 0 

7 0 

2 0 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 0 

2 0 

7 0 
2 0 
7 .0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 0 

2 0 

49’° 

66.5 

48,0 

65,0 

55.5 

65.0 

5^° 

64.0 

55»° 

64.0 

55’  5 

66.0 

48.0 

57. 0 
45,° 
51*0 

44.5 

46.5 
43'° 
53,° 

47.5 
SJ»° 

42.0 

57,° 

47)° 

59>° 

44,° 

61.5 

53.5 

61.0 

53’° 

62.5 

57.5 

62.5 

67.0 

64.0 

58.0 

63,° 

58.0 

64.0 

52.0 

57.0 

47.0 

55.0 

50.0 

49,° 

47.0 

53’° 

48.5 

50.5 

42.0 

54.5 

45.5 
1 55,5 
t 46,5 
■ 57,o 

29,9! 

29.92 

29,94 

29,91 

29.93 
29,99 
30,02 

30,09 

30,18 

30,16 

30,09 

30,05 

30.07 

30,01 

3°, 16 
30,22 

30,24 
30,34 
3°,  32 

3°-32 

30,28 

30,22 

30,09 

29,96 

29.91 

29,89 

29.92 
29,87 

0,065 

SW 

SSE 

ENE 

ESE 

SSVV 

WSW 

SSE 

W 

ssw 

SW 

ssw 

SW 
sw 
NW 
NNE 
NE 
NW 
NW 
NW 
NW 
NNE 
N by  W 
N by  E 
N by  E 
NNE 
NNE 
NE 

1 NNE 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

] 

1 

1 

1 

2 
1 
1 

1 

2 
1 
1 
1 
1 
1 
1 

h 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Cloudy. 

Fine. 

Rainy. 

Cloudy. 

Fine. 

Fine. 

Fine. 

Cloudy. 

Cloudy- 

Cloudy. 

Fine. 

Fine. 

Fine* 

Cloudy. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Cloudy. 

Cloudy. 

M E T E- 
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METEOROLOGICAL  JOURNAL 

for  May  1781. 


i line. 

Therm 

without 

1 'her m 
within. 

Barom. 

IRam 

Winds. 

Weather. 

H. 

M 

Inches. 

Inch. 

Points. 

|Str 

May  1 

7 

0 

48,0 

52,5 

29,96 

NNW 

I 

Cloudy. 

2 

0 

61,0 

68,5 

29,96 

NE 

I 

Fine. 

2 

7 

0 

46,0 

49-5 

30,05 

SE 

1 

Pine. 

2 

0 

62,0 

59° 

30,05 

SE 

1 

Fine. 

O 

O 

7 

0 

4«,5 

49,° 

30,01 

SE 

I 

Fine. 

2 

0 

54,5 

55,o 

29,98 

ESE 

I 

Rainy. 

4 

7 

0 

46,5 

5^, 0 

29»93 

0,059 

NE 

1 

Cloudy. 

% 

2 

0 

53’° 

56>o 

29>93 

NE 

I 

Rainv. 

5 

7 

0 

43  *5 

46,5 

30.04 

0,040 

NE 

I 

Cloudy. 

2 

0 

52.0 

5C5 

30,06 

NE 

I 

Fine. 

6 

7 

0 

43;° 

44,o 

3°, '7 

ESE 

1 

w ine.  > 

2 

0 

5 CO 

5°>° 

30,16 

ENE 

I 

Cloudy. 

7 

7 

0 

43’S 

44,° 

3°,H 

ENE 

I 

Fine. 

2 

0 

52,0 

49,° 

3°, 12 

SE 

I 

Fine. 

8 

7 

0 

42.0  ■ 

44,0 

29»97 

NE 

I 

Cloudy. 

2 

0 

5i,o 

49,5 

29,88 

ESE 

I 

Fine. 

9 

7 

0 

43,° 

47,o 

29  72 

NNW 

I 

Fine. 

2 

0 

56>o 

5L0 

29,68 

NE 

I 

Fine. 

10 

7 

0 

42,5 

46,0 

29,66 

NE 

I 

Fine. 

2 

0 

59'° 

5LO 

29,58 

ESE 

I 

Fine. 

1 1 

7 

0 

44,5 

49,o 

29,62 

0,240 

ESE 

I 

Rainv. 

2 

0 

63,0 

67,5 

29,73 

SSW 

I 

Cloudy, 

1 2 

7 

0 

58,5 

55,5 

30,01 

SE 

I 

Fine. 

2 

0 

72,° 

64,0 

30,02 

SE 

l 

Fine* 

*3 

7 

0 

62,0 

61,0 

29,91 

NW 

l 

Cloudy. 

2 

0 

73*5 

69,5 

29,92 

NVV 

l 

Fine. 

M 

7 

c 

56,0 

63,0 

29,89 

3,041 

ESE 

I 

Cloudy. 

2 

0 

71,5 

68,5 

29,89 

SSE 

I 

Fine. 

15 

7 

0 

56,5 

5L5 

29,93 

NNW 

I 

Cloudy. 

2 

0 

67,0 

68,o 

29,96 

NW 

I 

Fine. 

16 

7 

0 

52,0 

54,0 

29,96 

SE 

I 

Cloudy. 

2 

c 

57,o  J 01,0 

30,00 

NE 

1 

Cloudy. 
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METEOROLOGICAL  JOURNAL 


for  May  1781. 


Time. 

Therm. 

without 

Therm. 

within. 

I Barom. 

Rain. 

Winds. 

Weather. 

H.  M. 

Inches. 

Inch. 

Points. 

Str. 

May  17 

7 

0 

5°,° 

57,o 

30,09 

0,050 

NE 

1 

Cloudy. 

2 

0 

57.0 

59,5 

3°, 08 

NE 

1 

Cloudy. 

18 

7 

0 

48,5 

53,5 

29,95 

0,114 

ENE 

1 

Rainy. 

2 

0 

57.5 

58  0 

29,95 

NE 

1 

Rainy. 

*9 

7 

0 

55.o 

56,0 

29,93 

0,076 

NNW 

1 

Cloudy. 

O 

*"*  1 

0 

60,5 

60,5 

29,93 

ENE 

1 

Cloudy. 

20 

7 

0 

57,o 

57,o 

29,89 

0,099 

ENE 

1 

Cloudy.. 

2 

0 

64, 5 

62,0 

29,93 

NE 

1 

Fine. 

21 

7 

0 

57,o 

57,o 

3°, CS 

NE 

1 

Fine. 

2 

0 

69,0 

67,0 

30,08 

E by  N 

1 

Fine. 

22 

7 

0 

50,0 

54,o 

30,29 

NE 

1 

Cloudy. 

2 

0 

57-5 

58,5 

30,29 

NE 

2 

Fine. 

2 3 

7 

0 

57,0 

48,0 

30,35 

NE 

2 

Fine. 

2 

0 

58,0 

57,o 

30,35 

NE 

2 

Fine. 

24 

7 

0 

49,o 

49,o 

30,3k' 

NE 

2 

Fine. 

2 

0 

56,0 

55,o 

30,34 

SE 

1 

Fine. 

■ 25 

7 

0 

5L5 

50,0 

30,23 

SW 

1 

Fine. 

2 

0 

61,0 

58,0 

30,22 

sw 

1 

Fine. 

26 

7 

0 

50,5 

52,o 

30,16 

ESE 

1 

Fine. 

2 

0 

^5,0 

bi,o 

3°,  *4 

ESE 

1 

Fine. 

27 

7 

0 

48,5 

5LO 

30,15 

ESE 

1 

Fine. 

2 

0 

70,0 

63,0 

3°>I5 

S by  VV 

1 

Fine. 

28 

/ 

0 

53-° 

56,5 

30,22 

SW 

1 

Fine. 

2 

0 

72,0 

63,5 

30,22 

sw 

1 

Fine. 

29 

7 

0 

55,5 

57,5 

30,26 

ESE 

1 

Fine. 

2 

0 

76,0 

70,0 

30,16 

SE 

1 

b ine. 

3° 

7 

0 

60,5 

65,0 

29,98 

SE 

1 

Fine. 

2 

0 

80,5 

7L5 

29,96 

SE 

1 

tine. 

31 

7 

0 

63,0 

69,0 

30,12 

SE 

1 

Fine. 

2 

0 

78,0 

. 765° 

30,04 

SE 

1 

tine. 

3 


MET  E— 


[ 296  ] 


I 

METEOROLOGICAL  JOURNAL 
for  June  1781. 


j I line. 

1 

1 ilium. 

vvitliout 

» - - 

Therm 

within. 

Barom. 

Rain. 

Winds. 

Weather. 

!h. 

1 

1 

M. 

j 

Inches. 

Inch. 

Points. 

Str. 

hunt  1 

1 

i 7 

0 

i 65,0 

66,0 

30,04 

NE 

1 

Fine. 

( 

) 

2 

0 

1 83,5 

78,5 

30,0.3 

SW 

1 

Fine. 

O 

1 

1 7 

0 

67,0 

71,0 

29,98 

sw 

1 

Fine. 

1 

2 

0 

84,0 

78,0 

29,96 

SW 

1 

Fine. 

3 

7 

0 

60,0 

65,0 

29,87 

sw 

1 

Rainy. 

2 

0 

75,o 

74,o 

29,80 

ssw 

2 

Showery. 

4 

7 

0 

58.3 

67,5 

29,82 

0,169 

wsw 

2 

Cloudy.  . 

2 

0 

7°  5 

70,0 

29,79 

sw 

2 

Showery. 

5 

7 

0 

6o,o 

55,o 

29,82 

S by  W 

I 

Fair.  ‘ 

2 

0 

7.5’° 

6S,o 

29,69 

sw 

I 

Fine. 

6 

7 

0 

59,5 

56,0 

29,60 

0,226 

S3E 

I 

Cloudy. 

2 

0 

5S,o 

68,5 

29,54 

w by  S 

I 

Fine. 

/ 

/ 

0 

58,5 

65,0 

29,55 

ssw 

I 

Cloudy. 

2 

0 

64,5 

67,0 

29,55 

sw 

I 

Fair. 

8 

M 

/ 

0 

53,5 

60,0 

29,49 

o,055 

sw 

I 

Rainy. 

2 

0 

60,0 

62,0 

29,42 

sw 

I 

Showery. 

9 

n 

/ 

0 

57,o 

60,0 

29,68 

sw 

I 

Fine. 

2 

0 

64,0 

64,0 

29,72 

sw 

I 

Showery. 

10 

7 

0 

58,5 

59,5 

29,72 

0,064 

E bv  N 

I 

Fine. 

2 

0 

60,0 

65  0 

29,79 

SE 

I 

Showery. 

1 1 

7 

0 

59,5 

61,0 

29,84 

SSW 

I 

Cloudy. 

2 

0 

7°, 5 

67,0 

29,79 

SSE 

I 

Cloudy. 

12 

7 

0 

56>° 

63,° 

29,82 

°,°57 

NE 

I 

Rainy. 

2 

0 

67,0 

66,5 

29,78 

NE 

I 

Fine. 

J3 

7 

0 

59,5 

64,0 

29,77 

SE 

I 

Cloudy. 

2 

0 

73,5 

68,5 

29,74 

SSE 

I 

Fine. 

14 

7 

0 

• 

63,0 

65,0 

29,71 

SSE 

I 

Cloudy. 

2 

0 

66,0 

67,0 

29,66 

SW 

I 

Fair. 

15 

7 

0 

59,5 

61,0 

29,79 

SSE 

I 

Fine. 

2 

0 

75,o 

68,5 

29, 65 

SSE 

I 

Fine. 

16 

7 

0 

61,0 

61,5 

29,78 

SSW 

1 

Fine. 

1 

2 

0 

70,5 

69,0 

29,78  1 

SSE 

I 

Fine. 
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METEOROLOGICAL  JOURNAL 
for  June  1781, 

I ime. 

I herm. 

Therm. 

Barom. 

Rain. 

Winds. 

1 

without 

within. 

Weather. 

H.  M. 

- 

— 

inches. 

> —A  - 

Inch. 

Points. 

Str. 

j 

June  1 7 

7 

0 

61,5 

65,0 

29,84 

SW 

1 

Fine. 

2 

0 

71,0 

68,5 

29,84 

SSW 

1 

Fair. 

18 

7 

0 

65>5 

66, o 

29,91 

SSE 

1 

Cloudy. 

2 

0 

7 3,5 

7°, 5 

29,95 

SSE 

i 

Fair. 

J9 

7 

0 

64,5 

67,0 

29,91 

0,019 

ESE 

1 

Rainy.  j-’ 

2 

0 

75, 0 

72,5 

29,84 

E by  S 

1 

S h (w. 

20 

7 

0 

70,0 

7 1 >5 

29,82 

0,098 

NE 

1 

Fine.  1 j 

2 

0 

80,0 

79,5 

29,84 

ESE 

1 

Fine.  j 

21 

7 

0 

68,0 

7°, 5 

29>79 

ESE 

1 

Fine. 

2 

0 

79>° 

76,0 

29,76 

ESE 

1 

Fair. 

22 

7 

0 

57,5 

69,0 

29,76 

NE 

1 

Cloudy.  1 

2 

0 

75, 0 

73’° 

29,74 

NE 

r 

Fine.  ; 

23 

7 

0 

57?° 

64,0 

29,82 

NE 

1 

CJoudy. 

2 

0 

62,5 

65,0 

29,83 

N by  E 

1 

Rainy. 

24 

7 

0 

55>° 

60,0 

29,87 

NE 

r 

Cloudy. 

2 

0 

67,0 

66,0 

29,85 

NE 

1 

.^air.  I 

25 

7 

0 

55>° 

61,0 

29,82 

NE 

1 

Cloudy. 

2 

0 

63, 0 

64,0 

29,80 

SSE 

i 

Cloudy. 

26 

7 

0 

59, 0 

62,0 

29,93 

NW 

1 

Cloudy. 

2 

0 

70,0 

68,0 

29,97 

NW 

1 

?ine. 

27 

7 

0 

60,0 

60,0 

3°,°5 

NW 

i 

rinc. 

2 

0 

73’° 

70,0 

30,05 

NW 

1 

7ine.  ! 

28 

7 

0 

63, 5 

66,5 

30,14 

NW 

1 

me.  i 

2 

0 

74, 0 

71,0 

3°, 1 9 

NNW 

1 

7ine. 

29 

7 

0 

59, 0 

59>° 

30,42 

NW 

1 

7ine.  ,, 

2 

0 

775° 

7J>5 

30,39 

NW 

1 

7ine. 

30 

7 

0 

66,0 

69,0 

30,24 

SW 

1 

fine.  f 

2 

0 

81,0 

78,0 

3°, 24 

WSW 

1 

7ine.  | 

CLq 
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1'ime. 

t’herm. 

without 

therm. 

within. 

t5arom. 

Inches. 

Kam. 

Inch. 

W inds. 

Weather. 

H.M. 

Points.  J 

Str. 

ly  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

*3 

14 

15 

16 

1 OOOOO  OOOOOOOOOOOOOOOOOOOOOOOOOUO 

I t~v  cl  m tv  M NMh.pl  rv  CI  nm  tvM  nmnmnMnMnMnpi 

65,° 

85,° 

74.0 

76.0 
6c  0 

74.0 

63.0 

7L5 

61.0 

74.5 

65.0 

78.0 

62.0 

73. 0 

60.0 

65.5 

60.5 

68.5 

68.0 

69.0 

59.0 

68.0 

64.5 

7 6>5 

67.0 

74.5 

62.0 

66.5 

57.0 

68.0 

58.5 

73.0 

67.0 

75>° 
75  0 

76 .0 

69.0 

73° 

65.0 

7LO 

62.0 

7L5 

65.0 

74.5 

68.0 

71.0 

61.0 

67.5 

66.0 

68.0 

65.0 

67.0 

60.5 

67.5 

67.0 

71.0 

70.0 

73'° 

67.0 

70.0 

66.0 

67,5 

64.0 

69.0 

30,04 

29,90 

29,69 

29.77 
29,82 

29.85 

30,04 
3°, 11 
3°,  25 
30  22 
30,03 

29,95 

29,81 

29.78 
29,7i 

29,74 

29,92 

29,92 

29,97 

29,88 

29.86 

29  93 
3°,°7 
30*1 3 
3°>^ 
3°, 16 
3°, °3 
30,01 
30,11 
3°, 1 3 
3°, 29 
3°’33 

' r . . 

0,050 

o,!32 

0,293 

0,114 

0,243 

S 

SSW 

SSW 

SSW  . 

SSW 

SSW 

SSW 

wsw 

SSE 

SW 

SE 

SE 

SE 

SE 

SE 

S by  W 
SW 
NW 
SSW 
SW 

wsw 

NW 

SW 

SW 

SW 

SW 

SW 

wsw 

wsw 

W by  S 
WSW 
NW 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

2 
2 

1 

2 
I 
I 
I 
I 
I 
I 

1 

2 
I 
I 
I 
I 
I 
I 

Fine. 

Fine. 

Fine. 

Fine. 

Cloudy. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Cloudy. 

Fine. 

Cloudy. 

Cloudy. 

Cloudy. 

Rainy. 

Rainy. 

Cloudy- 

Rainy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy- 

Fine. 

Fine. 

Cloudy. 

Cloudy. 

Rainy. 

Fine- 

Fine. 

Fine. 

Fine. 
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1 line. 

Therm. 

without 

Therm. | 
within. 

Barom. 

Rain. 

Winds. 

Weather. 

H.M. 

’nches. 

Inch. 

Points.  |Str. 

July  17 
' 18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

3° 

3i 

7 0 
2 0 

7 0 

2 0 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 0 

2 0 

7 0 
2 0 

7 0 
2 0 
7 0 
2 0 
7 0 
2 0 
7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

59’° 

73'° 

62.5 

73’5 

62.0 

70.0 

62.0 

69.0 

61.0 

72.0 

61.0 

75. 0 

62.0 

72.5 

64.0 

79,° 

65.0 

77.5 

60.0 

7 1)° 

59. 0 
73,° 

73.0 

75.0 

66.0 

76.0 

68.0 

80.0 

67.0 

84.0 

5o>5 

69.0 

67.0 

7°. 5 

66.0 

69.0 

65.0 
68,5 

64.0 

70.0 

63.0 

72.0 

65.0 

71.0 

69.0 
75,° 

7°,° 

74.0 

65.0 

70.0 

67.0 

70.0 

67.0 

71.0 

68.0 

73,° 

71.0 

76.0 

70.0 

80.0 

3°o3 
3°, 29 
20,26 

30,24 

3°.  34 
3°’35 

30.41 

3°.4I 

30,44 

3°.4i 

3°.33 

30.23 

30,17 

s0,^ 

30.07 

3°, °3 

29,96 

29,93 

29,89 

30,01 

30,06 

30,06 

30.05 

30,01 

3°>01 

30.08 

3°,  *9 

30,17 

30.06 

1 30,05 

0,213 

NW 

NW 

SW 

SW 

NW 

NW 

NW 

NW 

ESE 

NW 

NW 

NW 

NNW 

NW 

ssw 

WSW 

WSW 

ssw 

SW 

SW 

NNW 

NNW 

NW 

SW 

SW 

SW 

SW 

SW 

SE 

SE 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

1 

■ ine. 

~ine. 

H'ine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Cloudy. 

Fine. 

Cloudy. 

Fine. 

Fine. 

Fine. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy, 

Fine. 

Fine. 

Cloudy. 

Fine. 

Cloudy. 

Fine. 

Fine. 

Fine. 
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f inn 

'Tnerni 

Iwithou 

. Therm 
within. 

Barom. 

Rain. 

Winds. 

Weather. 

a 

M 

Inches. 

Inch. 

Points. 

Str 

Aug.  1 

7 

0 

68,5 

71,0 

29,96 

WSW 

I 

Cloudy. 

0 

0 

78,0 

75,o 

30,01 

SW 

1 

Fine. 

2 

7 

0 

63,° 

65,o 

30,12 

SW 

I 

Fine. 

2 

0 

7L5 

69,5 

30,11 

WSW 

I 

Fine. 

3 

7 

0 

63,0 

64,0 

3°,  2 7 

SW 

I 

Fine. 

2 

0 

73, 0 

70,0 

30,28 

SW 

I 

Fine. 

4 

7 

0 

63*° 

65,0 

30,39 

SW 

1 

Cloudy. 

1 

2 

0 

7 3,° 

7°,° 

30,37 

NF 

I 

Fine.  > 

5 

7 

0 

62,0 

64,0 

30,33 

NE 

I 

Fine. 

2 

0 

72,0 

70,0 

3°, 24 

NE 

I 

Fine. 

6 

7 

0 

63,° 

65,5 

3°, °7 

SSE 

I 

Cloudy. 

2 

0 

77,o 

72,0 

30,07 

SE 

I 

Fine. 

7 

7 

0 

63>° 

66,0 

30,08 

SE 

I 

Cloudy. 

2 

0 

77,o 

72,0 

30,07 

SE 

I 

Fine. 

8 

7 

0 

62,0 

68,0 

29,94 

0,026 

WSW 

I 

Cloudy. 

2 

0 

66,0 

68,5 

29,91 

SW 

I 

Rainy. 

9 

7 

0 

63.0 

67,0 

29,95 

0,684 

ssw 

I 

Fair. 

2 

0 

78,0 

7L5 

29,98 

ssw 

I 

Fine. 

10 

7 

0 

68,5 

7°, 5 

29,9° 

0,042 

ssw 

I 

Cloudy. 

2 

0 

80,0 

76,0 

3°,°3 

ssw 

I 

Cloudy. 

1 1 

7. 

0 

63,0 

7L5 

30,06 

ssw 

I 

Fine. 

2 

0 

82,0 

77,o 

3°, °5 

SE 

I 

Fine. 

12 

7 

0 

68,0 

7LO 

30,02 

ssw 

I 

Fine. 

2 

0 

8i,5 

78,0 

3°, 01 

SW 

I 

Fine. 

*3 

7 

0 

67,0 

72,0 

29,93 

SW 

I 

Rainy. 

2 

0 

80,5 

75,5 

29,87 

SW 

I 

Fine. 

J4 

7 

c 

63,0 

72,5 

29  93 

SW 

I 

Fine. 

2 

0 

75>o 

74,o 

29,85 

SW 

I 

Cloudy. 

15 

7 

0 

58,0 

68,5 

29,65 

3,271 

SSW 

0 

-*■< 

Fair. 

2 

0 

65,5 

70,0 

29,59 

ssw 

2 

Rainy. 

16 

7 

0 

61,0 

67’5 

29,62 

3,067 

SW 

Fine. 

2 

c 

72,0 

69,5 

29,61 

SSW 

1 

Fair. 
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lime. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

Weather. 

Inches. 

Inch. 

Points. 

3tr. 

Aug.  1 7 

7 

0 

60,5 

65,5 

29,74 

0, 182 

SW 

1 

Fine.  : 

2 

0 

72,0 

68,0 

29,83 

sw 

1 

Fine. 

iS 

7 

0 

57,o 

64,0 

29,89 

00 

0 

0 

SW 

1 

Fine. 

2 

0 

73,o 

63,5 

29,85 

SSW 

i 

Fine. 

19 

7 

0 

58,0 

64,5 

29>73 

NNE 

1 

Rainy. 

2 

0 

59,o 

65,0 

29,65 

N by  VV 

1 

Rainy. 

20 

7 

0 

53,o 

62,5 

29,77 

0,147 

N W 

1 

F ine. 

2 

0 

67,0 

66,0 

29,82 

NW 

1 

Cloudy, 

21 

7 

0 

55>° 

62,0 

3°, 11 

NW 

1 

Fine. 

2 

0 

fc>8,o 

66,0 

3°, 1 5 

NNW 

1 

Fine. 

22 

7 

0 

52,0 

61,0 

3°,25 

NE 

1 

Fine. 

2 

0 

7L° 

69,5 

30,27 

NE 

1 

Fine. 

23 

7 

0 

60,0 

65,0 

30,04 

SSW 

I 

Cloudy. 

2 

0 

80,0 

70,0 

29,96 

sw 

1 

F ine. 

24 

7 

0 

63,0 

67,0 

29,76 

SE 

1 

Cloudy, 

2 

0 

75,5 

7 1*° 

29,66 

SSE 

1 

F ine. 

25 

7 

0 

61,5 

68,5 

29,54 

0,302 

wsw 

1 

Fine. 

2 

0 

72,0 

71,0 

29,67 

sw 

1 

Cloudy. 

26 

7 

0 

61,5 

68,0 

29,93 

sw 

1 

F me. 

2 

0 

75,5 

73,o 

29,96 

sw 

1 

Cloudy. 

27 

7 

0 

58,o 

69,5 

29,82 

SSE 

1 

Cloudy. 

2 

0 

79,o 

76,0 

29,75 

SSW 

1 

Fine. 

28 

7 

0 

67,5 

70,5 

29,66 

SSW 

1 

Cloudy. 

2 

0 

65,0 

72’5 

29,58 

sw 

1 

Rainy. 

29 

7 

0 

64,0 

70,0 

29,59 

sw 

2 

F ine. 

2 

0 

72,5 

7LO 

29,77 

sw 

0 

Fine. 

3° 

7 

0 

64,0 

68,0 

30,01 

sw 

1 

Fine. 

2 

% 

0 

74,o 

70,0 

29,98 

SSE 

1 

Cloudy. 

3i 

7 

0 

66,0 

70,0 

29,72 

0,390 

SE 

1 

Rainy. 

2 

0 

75,o 

73,o 

29,88 

SE 

1 

Fine. 

4 
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1 

rhermometer  without. 

Thermometer  within. 

Barometer. 

Rain. 

1781 : 

jirsueft 

height. 

I.eaft 

height. 

Mean  < 
height. 

Teateft 

height. 

Lea  ft 
aeight. 

Mean 

height. 

Cat  fate  ft 
height. 

Lea  ft 
height. 

Mean 

height. 

Inches. 

Jan. 

5X’S 

25  0 

'381S 

49  >° 

32,0  i 

3S>9 

3°>55 

29,04 

29,90 

L348 

Feb. 

52>5 

31, ° 

42,8 

51,0 

36>0 

45,7 

3°, 34 

28,95 

29>65 

1,676 

Mar. 

60,5 

32,° 

44,8 

S3’5 

35>° 

45>9 

3°>47 

29,88 

30,21 

0,292 

Apr. 

66,5 

37,° 

49, 2 

67.0 

3s.3 

52,8 

3°, 34 

29,29 

29,88 

0,650 

May 

Bo, 5 

42,0 

56,8 

76,0 

44,o 

56,8 

3°>36 

29,58 

3°,°5 

0,619 

June 

84,0 

53>5 

66,2 

79  0 

55,° 

66,8 

3°,42 

2942 

29,84 

0,688 

July 

84,0 

57>° 

68,4 

80,0 

53?  5 

68j 

3°, 44 

29,69 

3°>°5 

1,045 

Aug 

. 82,0 

52,0 

67,7 

78  0 

61,0 

69,2 

3°’39 

29,54 

29^95 

2,198 

Mean 
I of  3 
1 mon 

53>° 

I 

55,2 

29,95 

8,516 

t i 1 


APPENDIX. 


I.  Account  of  a new  Kind  of  Rain.  Written  by  the  Count  dc 
Gioeni,  an  Inhabitant  of  the  Region  of  Mount  H,tna  ; 
communicated  by  Sir  William  Hamilton,  K.  B.  I.  R.  S. 
See  p.  I. 


Volat  per  Mare  magnum  cinis  decoBus , ct  terrenis  nubibus 
excitatis , tranfmarinas  quoqiie  provincias  puhereis  guttis 
implevit . cassiod.  lib.  IV.  var.  epift.  50. 

THE  morning  of  the  24th  inftant  there  appeared  here  a 
mod;  lingular  phenomenon.  Every  place,  expofed  to  the 
air,  was  found  wet  with  a coloured  cretaceous  grey  water, 
which,  after  evaporating  and  filtrating  away,  left  every  place 
covered  with  it  to  the  height  of  two  or  three  lines ; and  all 
the  iron- work  that  was  touched  by  it  became  rufty. 

The  public,  inclined  to  the  marvellous,  fancied  various 
caufes  of  this  rain,  and  began  to  fear  for  the  animals  and 
vegetables. 

In  places  where  rain  water  was  ufed,.  they  abftained  from  it: 
fome  fufpeCting  vitriolic  principles  to  be  mixed  with  it,  and 
others  predicting  fome  epidemical  diforder. 

Thole  who  had  obferved  the  explofions  of  Etna  twenty  days 
and  more  before,  were  inclined  to  believe  it  originated  from 

one  of  them. 

The  fhower  extended  from  N.  | Tn.E.  to  S.  5 SV\  . ovci  the 
fields,  about  fevcnty  miles  in  a right  line  from  the  vertex  of 
Etna. 
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There 


n 


Couni  de  GioenPs  Account  of 

There  is  nothing  new  in  volcano’s  having  thrown  up  fand 
and  alfo  ftones-f,  by  the  violent  expanfive  force  generated 
within  them,  which  fand  has  been  carried  by  the  wind  to 
diftant  regions. 

But  the  colour  and  fubtilty  of  the  matter  occalioned  doubts 
concerning  its  origin ; which  increafed  from  the  remarkable 
circumftance  of  the  water  in  which  it  came  incorporated  J ; 
for  which  reafons  fome  other  principle  or  origin  was  fuf- 
pecled. 

It  became,  therefore,  neceffary  by  all  means  to  afcertain  the 
nature  of  this  matter,  in  order  to  be  convinced  of  its  origin, 
and  ol  the  effects  it  might  produce.  This  could  not  be  done 
without  the  help  of  a chemical  analyfis.  To  do  this  then  with 
certainty,  I endeavoured  to  collect  this  rain  from  places  where  it 
was  moil:  probable  no  heterogeneous  matter  would  be  mixed  with 
it.  I therefore  cliofe  the  plant  called  BraJJica  Capitata , which 
having  large  and  turncd-up  leaves,  they  contained  enough  of 
this  coloured  water ; many  of  thefe  1 emptied  into  a veflel, 
and  left  the  contents  to  fettle  till  the  water  became  clear. 

This  being  feparated  into  another  vefl'el,  I tried  it  with 
vegetable  alkaline  liquors  and  mineral  acids  ; but  could  obferve 
no  decompofition  by  either.  I then  evaporated  the  water  in  or- 
der to  reunite  the  fubilances  that  might  be  in  folution ; and 

* The  authority  of  cassiod.  prefixed  to  this  account  is  ftrengthened  by 
sf.heca,  in  his  2 lib.  de  d>uejl.  Nat. 

Nit): a aiiquando  multo  igne  alundavit , ingentcm  vim  arena  urentis  ejftidit , in-valutas  cjl 
dies palvere,  populofque  fubita  nox  tcrruit. 

But  without  having  recourfe  to  the  numerous  old  accounts  of  this  vol- 
cano, and  of  Vefuvius,  we  have,  within  thefe  twenty  years,  feen  many  of  thofe 
rains  in  Sicily  originating  in  Etna  ; and  the  lad,  preceding  the  eruption  of  laft 
year,  was  compofed  of  little  fragments  of  bituminous  pumice  (tone,  or  Jiumie. 

f The  (tone,  defcribed  by  pliny,  which  fell  in  Thrace,  the  (hower  of  (tones 
on  mount  Albano  after  the  ruin  of  Alba,  which  i.ivy  mentions,  and  many 
others  of  like  nature,  remarked  by  the  ancients  as  miraculous  rains,  have 
been  difcovered  to  be  volcanic.  As  to  Etna  we  have,  in  our  days,  feen  new  moun- 
tains formed  by  the  {tones,  or  rather  the  lava;  and  as  to  the  ancients,  befides 
strabo  and  many  others,  the  poet  pindar  writes,  that  aUqnando  non  tantum 
rivosigneos  ejccit , fcdfaxa  ignita.  find,  ap  Brit.  lib.  V.  c.  1+  p.  2. 

1 In  many  of  the  writers  on  Etna,  (bowers  of  fand,  or  other  productions, 
mixed  with  water,  are  not  to  be  found. 

1 tou  chiller 
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a new  Kina  oj  Rain.  lii 

touching  it  again  with  the  aforefaid  liquors,  it  Chewed  a (light 
effervefcence  with  the  acids.  When  tried  with  the  (yrup  of  vio- 
lets, this  became  a pale  green  ; fo  that  I was  perfuaded  it  con- 
tained a calcareous  hilt*.  With  the  decoftion  of  galls  no  preci- 
pitation was  produced. 

The  matter  being  afterwards  dried  in  the  (hade,  it  appeared 
a very  l'ubtile,  fine  earth,  of  a cretaceous  colour,  but  inert, 
from  having  been  diluted  by  the  rain. 

I next  thought  of  calcining  it  with  a (low  fire,  and  it  affumed 
the  colour  of  a brick.  A portion  of  this  being  put  into  a cru- 
cible, I applied  to  it  a ftronger  heat,  by  which  it  loft  almoft  all 
its  acquired  colour.  Again,  I expofed  a portion  of  this  for  a 
longer  time  to  a very  violent  heat  (from  which  a vitrification 
might  be  expe&ed)  ; it  remained  however  quite  foft,  and  was 
eafily  bruifed,  but  returned  to  its  original  dufky  colour. 

From  the  mod  accurate  obfervations  of  the  fmoke  from  the 
three  calcinations,  I could  not  difeover  either  colour  or  l'mell 
that  indicated  any  arfenicalor  fulphureous  mixture. 

Having  therefore  calcined  this  matter  in  three  portions,  with 
three  different  degrees  of  fire,  I prefented  a good  magnet  to 
each  ; it  did  not  aft  either  on  the  firft  or  fecond ; a (light  at- 
traction was  vifible  in  many  places  on  the  third  : this  perfuaded 
me,  that  this  earth  contains  a martial  principle  in  a metallic 
form,  and  not  in  a vitriolic  fubffance  -f. 

The  nature  of  thefe  fubftances  then  being  difeovered,  their 
volcanic  origin  appears  ; for  iron,  the  more  it  is  expofed  to 
violent  calcination,  the  more  it  is  divided,  by  the  lofs  of  its 
phlogiffic  principle ; which  cannot  naturally  happen  but 
in  the  great  chimney  of  a volcano.  Calcareous  fait,  being  a 
marine  fait  combined  with  a calcareous  fubffance  by  meani 

* Ttied  likewife  with  a folution  of  lead  in  the  vegetable  acid,  it  lofl:  its  natural 
Colourand  its  traniparenev,  and  became  milky.  I ftiould  be  inclined  to  believe  this 
to  be  the  effect:  of  the  alkaline  particles,  and  thus  account  for  the  efflorefcencc 
on  the  iron’s  being  expoied  to  the  air. 

f Becaufe,  otherwife  the  water  would  not  have  produced  an  effervefcence 
with  the  acids,  but  would  have  fhewn  it  with  the  alkalies ; and,  in  the  triple  cal- 
cination, the  red  colour  would  rather  have  been  increafed  than  dumnilhed* 
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of  violent  heat  * * * §,  cannot  be  otherwife  compofed  than  in  a vol* 
cano  -f. 

As  to  their  dreaded  effects  on  animals  and  vegetables,  every 
one  knows  the  advantageous  ufe,  in  medicine,  both  of  the  one 
and  the  other,  and  this  in  the  fame  form  as  they  are  thus  pre- 
pared in  the  great  laboratory  of  nature. 

Vegetables,  even  in  flower,  do  not  appear  in  the  leaf  mace- 
rated, which  has  formerly  happened  from  only  Ihowers  of 
find  j. 

How7  this  volcanic  production  came  to  be  mixed  with  water 
may  be  conceived  in  various  ways. 

Etna,  about  its  middle  regions,  is  generally  furrounded  with 
clouds  that  do  not  always  rife  above  its  l'ummit,  which  is 
2900  paces  § above  the  level  of  the  fea.  This  matter  being 
thrown  out,  and  delcending  upon  the  clouds  below  it,  may 
happen  to  mix  and  fall  in  rain  with  them  in  the  ufual  way. 
It  may  alio  be  conjedtured,  that  the  thick  fmoke  which  the 
volcanic  matter  contained  might,  by  its  rarefaction,  be  car- 
ried in  the  atmoiphere  by  the  winds,  over  that  tradt  of 
country  || ; and  then,  cooling  fo  as  to  condenfe  and  become 

fpecifically 

* The  burning  of  lime-ftone  may  indeed  produce  the  compofitiou  from  whence 
refults  the  calcareous  fait : but  it  is  evident,  that  l'uch  a quantity  could  only  pro- 
ceed from  a volcano. 

f Many  and  repeated  experiments  on  the  produce  of  Etna  have  perfuaded  me, 
that  marine  lalt  is  one  of  the  chief  and  moft  abundant  ?mnftrua  which  excite  the 
effervefcence  of  a volcano,  or  that  it  is  the  balls  of  it  (as  a friend  of  great  knowledge 
has  lately  made  me  believe).  I find  calcareous  fait  in  the  old  lava,  and  common  fait 
lnblimated  to  ammoniac  in  the  filfures  and  openings  of  the  new  irruptions.  But 
this  is  not  the  place  for  that  which  requires  a larger  volume.  I may,  perhaps,  fay 
more  of  it  on  another  occafion. 

1 1 have  repeatedly  obferved,  that  the  fand-lhowers  of  our  mountain  are  moftly 
eompoied  ot  calcined  matter,  and  of  little  cryftals  of  lchorl,  with  a fmall  portion 
of  arlenical  and  fometimes  ialine  fulphurcous  particles,  which  unites  the 
fchorl  to  the  other  fubftances,  fo  that  the  particles  or  grains  are  thereby  enlarged. 
Sometimes  the  rain  falls  to  the  ground  lUll  warm. 

§ 1 he  meafure  of  the  height  of  the  mountain  has  twice  come  out  to  be  thus 
delcribcd  ; not,  however,  that  I give  it  for  certain,  well  knowing  that  altimetry 
requires  exa£t  inllruments  and  repeated  obfervations.  I mean  to  try  it  with  the 
barometer,  when  convenient. 

Ii  1 hat  this  hypothefis  may  not  appear  exaggerated  as  to.  the  quantity  of  fmoke 
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fpecifically  heavier  than  the  air,  might  defcend  in  that  co- 
loured rain. 

1 muft,  however,  leave  to  philofophers  (to  whom  the 
knowledge  of  natural  agents  belongs)  the  examination  and 
explanation  of  fuch  phenomena,  confining  myfelf  to  obferva- 
tion  and  chemical  experiments 


P.  S.  On  Friday  the  4th  of  May,  about  a quarter  pad  three 
in  the  afternoon,  a (light  (hock  of"  an  earthquake  was  felt  in 
the  country  about  Etna,  which  became  more  fenfible  at  fome 
didance  from  the  mountain  : its  direction  was  from  north  to 
fouth.  The  volcano  had  continued  its  flames  and  explofions; 
and  the  night  before,  a column  of  fmoke,  compofed  of  globes 
as  it  were  piled  upon  each  other,  had  afeended  over  the  crater 
to  double  the  height  of  the  mountain,  as  far  at  lead  as  one  could 
judge  at  the  didance  of  twenty- two  miles,  which  the  vertex  is 
in  a right  line  from  this  city.  This  remained  the  whole 
night  perpendicular,  only  one  of  the  globfes  had  feparated  and 
lengthened  out  to  the  wedward  from  the  iummit.  Now  and 
then  all  the  infide  of  the  column,  and  of  the  lengthened  out- 
part,  became  illuminated  by  ele&ric  fire,  which  was  of  a deep 
red  colour,  and  gradually  went  out  again,  beginning  at  the 
bottom,  in  about  two  feconds. 


that  mu  ft  be  fuppofed,  I fhal!  mention  what  was  obferved  by  cicero:  Crater e- 

ftamma  erumpit,  fumo  mixta  tam  copiofo,  ut,  diem  Boreas  fpirat , Meliiam  ufque  per  ter  & 
ilium  fubliman  propellat  ad  IX.  millia pajjuum  fpatiutn.  cic.  cle  Nat.  Deor.  lib.  II. 

* waller  IUS  (in  his  Mineral.  Vol.  11.  Hidrol.  § 5.)  fays : La  P hyftquc  ejl  plus  r/tii- 
•verfelle  dans  fes  vues,  ct  plus  pbilofopbique  dans  fan  examen,  le  phyjicien  envifage , ra/onnt , 
r.\ cpliquc,  le  natter alifte  regarde,  ramajjc , ct  range  ; celui-ci  votes  dira  il  exijle  tel  corps 
dans  la  nature , il  eft  fait,  foit  au  iledans,  foit  au  dehors  de  telle  oh  telle  maniere,  il  eft  de 
tel  on  tel  rerne,  claffc,  ordre,  cfpece , varietg  ; cclui  la pretendra  vous  exploiter  let  caufts 
defon  exiftcnce , de  fes  formes,  et  de  fes  proprietes. 

The  illuftrious  LiNNiEus,  in  Anal.  Tranfalp.  anno  1740,  § 2.  fays  thus: 
Pbyftca  eft  fclcntia  de  qualitatibus  elementorum,  hiftoria  naturalis  autem  circa  cognitionem 
corporum  naturalium  verfatur.  The  true  naturalift  ought  to  be  learned  both  in 
pbyfics  and  in  chemiftry ; but  ftill  we  know  not  where  the  divifion  between  the* 

two  fciences  is. 
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b The  fire  has  continued  on  the  crater  till  this  day,  May  8th., 
ejecting  red-hot  mafifes  or  {tones,  which  rolling  beautifully 
down  the  cone,  have  illuminated  this  region ; fome  lava  has 
run.  over  from  the  crater  towards  the  W.N.W.  but  without 
having  force  enough  to  burft  the  fides  or  walls  of  the  volcano ; 
fio  that  we  may  apply  the  hiftorical  paflage,  marco  Emilio  c. 
aurelio  Cofl.  ALtna  mons  terrcemotu , ignes  fiber  verticem  late 
dijfudit.  Jul.  Obfequ.  de  Prodig.  c.  89. 
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II.  Of  the  Method  of  rendering  very  fenfible  the  weahejl  Natural1 
or  Artificial  ’Electricity.  By  Mi'.  Alexander  Volta,  Profejfbr 
of  Experimental  Philo fophy  in  Como,  13c.  13c. ; communicated 
by  the  Right  Hon . George  Earl  Cowper,  F.  R.  S.  Seep.  23^ 


PART  I. 

1.  TT  will  be  readily  allowed,  that  an  apparatus  capable  of 
X rendering,  perceptible,  or,  as  it  were,  of  magnifying  the 
fmalleft,  and  otherwife  unobfervable,  degrees  of  natural  as  well 
as  artificial  electricity,,  is  of  great  advantage  to  the  fcience  of 
eleCtricity  in  general,  and  dpecially  for  the  inveffigation  of 
atmofpherical  eleCtricity,  which  by  this  means  may  be  ren- 
dered very  lenlible  and  conlpicuous  when  it  is  not  to  be  diico- 
vered  by  common  atmofpherical  conductors.  This  method  is 
founded  upon  a particular  life  of  my  eledtrophorus , which  is  a 
machine  well  known  to  eleCtricians. 

2.  Whenever  in  obferving  the  atmofpherical  eleCtricity  no 
degree  of  it  can  be  difcovered  by  the  ordinary  methods  of  per- 
forming thofe  experiments,  it  is  difficult  to  determine  whe- 
ther any  eleCtricity  at  all  does  or  does. not  exift  in  the  atmo- 
fphere  at  thofe  times ; fmce  it  may  exift,  and  the  quantity  of 
it  only  be  fo  fmall  as  not  to  affeCt  the  electrometers  employed.. 
An  ordinary  conductor,  ereCtcd  in.  the  belt  manner  for  the  pur- 
pofe  of  obferving  the  atmofpherical  eleCtricity,  when  the  Iky  is 
free  from  eleCtrical  clouds,  feldom  or  never  fhews  any  figns 
of  eleCtricity.  In  that  cafe,  therefore,  if  we  rely  upon  the 
common  electrometers,  even  the  molt  feniible,  we  mult  con- 
clude, that  neither  the  conductor  nor  the  atmofphere,  fo  high 
as  the  conductor  reaches,  contains  any  eleCtricity ; but  by 
means  of  the  apparatus  I am  going  to  defcribe,  it  will  be 
found,  that  the  faid  conductors  are  never  entirely  void  of  elec- 
, tricky  „ 
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tricity,  and  it  mud:  be  confequently  concluded,  that  the  air, 
which  iurrounds  them,  is  alio  at  all  times  electrified.  This 
method  not  only  lhews  the  exigence  of  electricity,  but  gives 
alfo  room  to  afcertain  whether  it  is  pofitive  or  negative,  and 
that  when  the  atmofpherical  conductor  itfelf  is  not  capable  of 
attracting  the  fined:  thread  ; but  if  the  conductor  were  to  Shew 
any  very  fmall  attraction,  then,  by  means  of  our  apparatus, 
there  may  be  obtained  even  drorngfparks. 

3.  The  eleCtrophorus  in  this  cafe  might  perhaps  better  de- 
ferve  the  name  of  electrometer,  or  micro-eledrcmeter , but  I 
had  rather  call  it  a condenfer  of  electricity , for  the  fake  of  ufing 
a word  which  exprefles  at  once  the  reafon  and  caufe  of  ther 
phenomena  to  be  treated  of  in  this  paper,  as  will  be  made 
evident  in  the  fecond  part. 

The  whole  method  may  be  reduced  to  the  following  few 
obfervations.  I.  An  eleCtrophorus  mud  be  procured,  the  refi- 
nous  coat  of  which  mud  be  very  thin,  and  either  not  at  all  elec- 
trified, or,  if  electrified,  its  eleCtricity  be  entirely  extin- 
guished. 

II.  Its  ufual  metal  plate  mud  be  laid  upon  this  refinous  and 
uneleClrified  plate,  in  full  and  flat  contaCt ; but  care  mud  be 
taken  that  it  does  in  no  point  touch  the  lamina  of  metal  upon 
which  the  refinous  dratum  is  ufually  fadened. 

III.  Thofe  plates  being  fo  conjointly  placed,  a conducting 
communication,  viz.  a wire  mud  be  brought  from  the  atmo- 
fpherical conductor  to  touch  the  metal  plate  of  the  eleCtro- 
phorus, and  to  touch  that  only. 

IV.  The  apparatus  mud  be  left  in  that  Situation  for  a cer- 
tain time,  viz.  till  the  metal  plate  may  have  acquired  a diffi- 
dent quantity  of  eleCtricity  through  the  conducting  commu- 
nication, which  brings  it  from  the  atmofpherical  conductor 
very  {lowly. 

V.  Ladly,  the  conducting  communication  mud  be  removed 

from  the  contaCt  of  the  metal  plate:  the  metal  plate  is 

then  feparated  from  the  refinous  one,  by  lifting  it  up  by  its 
infulating  handle,  after  which  it  is  in  a date  of  attracting,  of 
electrifying  an  electrometer,  or,  if  the  eleCtricity  is  lufficientlv 
drong,  of  giving  fparks,  &c.  at  the  fame  time  the  atmofpherical 

conductor 
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conductor  itfelf  {hews  either  no  electricity  at  all,  or  exceeding 
lmall  ligns  of  it. 

4.  It  was  mentioned  above  (IV.)  that  the  conducting  wire 
muft  be  left  in  contact  with  the  metal  plate  for  a certain  time , 
the  length  of  which,  however,  is  not  eafiiy  determined,  fince 
it  depends  upon  variable  circumftances.  When  the  conductor 
itfelf  (hews  no  figns  of  eledtricity,  then  it  will  be  neceffary  to 
leave  the  apparatus,  as  directed  above,  during  eight,  ten,.  or 
more  minutes.  But  if  the  conductor  itfelf  is  capable  of  juft 
attracting  a very  fmall  thread,  then  it  will  be  fufficient  to  leave 
the  apparatus  in  contadt  as  above  mentioned,  for  a few  feconds 
only,  in  order  afterwards  to  obtain  from  it  very  confpicuous 
eledtrical  appearances. 

r.  Refpedting  the  condudting  communication  between  the 
atmofpherical  condudtor  and  the  metal  plate,  care  fhould  be 
taken  that  it  be  made  of  the  feweft  joints  poffible,  or  rather  of 
one  piece,  fince  the  difficulty  of  tranlmitting  very  fmall  quan- 
tities of  eledtricity  is  confiderably  increafed  by  every  interrup- 
tion, and  it  may  thereby  be  quite  obftrudted,  as  is  often  the  cafe 
when  a chain  is  ufed  for  that  purpofe.^ 

6.  As  for  the  eledtrophorus  to  be  ufed,  it  mud:  be  farther  re- 
marked, firft,  that  its  being  very  thin,  as  mentioned  above,  is 
of  great  importance;  it  having  been obferved,  that  the  thinner 
the  refinous  ft  rat  um  is,  the  greater  quantity  of  electricity  can 
be  accumulated  into  the  metal  plate  laid  upon  it;  which  is 
the  cafe  whether  the  eledtricity  is  brought  to  it  from  the  atmo- 
fphere,  as  in  the  abovementioned  inftance,  or  from  any  other 
electric  power.  The  thicknefs  of  one-fiftieth  of  an  inch,  or 
that  of  a common  coat  ot  varnifti,  is  very  proper ; whereas 
if  the  refin  wras  an  inch  thick  or  more,  the  experiments  would 
anfwer  very  badly. 

7.  Secondly,  the  furface  of  the  refinous  ltratum,  as  well  as 

th/  under  furface  of  the  metal  plate,  muft  be  as  plain  and.  as 
fmootli  as  pollible,  in  order  that  the  two  furfaces  may  coincide 
more  perfedtly  when  laid  one  upon  the  other.  It  is  well  known 
how  much  this  circumftance  favours  the  effedt  of  the  eledtro- 
niiorus;  for  this.reafon,  in  my  publication  on  that  inftrument, 
1 1 1 recommended 
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1 icco mmended  it  as  a thing  efleiitial  to  obferve  * : but  this 
c.ircum  fiance  is  Hill  more  eflential  when  the  fame  apparatus  is 
lo  ferve  as  a condenfer  of  electricity. 

Laftly,  it  deierves  to  be  repeatedly  and  particularly  ob- 
luved,  that  the  ref  nous  plate,  when  it  is  to  be  ufed  for  our 
experiment,  fhould  be  quite  free  from  any  the  lead  electricity, 
otherwile  the  experiments  cannot  be  depended  upon.  If’ 
therefore,  the  refinous  plate  has  been  excited  before,  fo  as 
to  remain  in  fome  mealure  electrified,  all  poflible  care  fhould 
he  taken  to  deprive  it  of  that  electricity,  which  however  is 
not  eaf  ly  done.  The  mod  effectual  method  of  doing  it  to  ex- 
pole the  refinous  plate  to  the  hot  rays  of  the  fun  or  to  the 
the,,  lo  that  its  lurtace  may  be  (lightly  melted,  by  which  means 
it  will  entirely  lole  its  eleCtricky  -f.  The  flame  of  a candle, 

or.  a P!e.ce  °/  paper,  will  eafily  deprive  the  refin  of  its  elec- 
tricity, it  its  lurtace  be  pafled  over  the  flame.  In  order  to  ob- 
ierve  whether  the  refinous  plate  is  quite  free  from  any  electri- 
city, the  metal  plate  mud  be  laid  upon  it,  there  it  mud  be 
touched  with  a finger,  and  afterwards,  being  lifted  up  after  the 
ulual  manner,  it  mud  be  prefented  to  a fine  hair;  for  if  the 
hair  is  not  attracted,  you  may  conclude,  that  the  refinous  plate 
has  no  electricity,  and  conlequently  the  apparatus  is  fit  to  be 
uled  as  a condenfer  of  electricity. 

9.  Were  I alked,  to  what  degree  the  eleCtricity  might  be 
condenfed,  or  how  much  the  eleCtrical  phenomena  could  be 


* ^ee  the  two  letters  addrefied  to  Dr.  priestley,  and  puhiiflied  in  the  Scclta 

* Cjpufculi  inter ejjanti  of  Milan  for  the  year  1775. 

t It  has  been  believed  for  a long  time,  that  to  heat,  and  efpecially  to  melt, 
ulphur  and  refins,  was  lulficient  to  excite  in  them  fome  eledricity  ; but  except  the 
tourmalin  and  iome  other  hones,  which  are  really  excited  by  heat  alone,  the 
re  fins  and  1 ulphur  never  become  elednfied  by  that  means,  except  when  tbev  have 
by  fome  means  or  other  fuffered  any  fridion.  The  miflake,  as  Father  beccaria 
oblerved,  was  occafioned  by  this,  viz.  that  even  the  leaft  fridion  of  the  hand 
f Other  body,  is  fufficient  to  excite  fuch  fublhnces  in  thofe  favourable  circum- 
itances  ; without  which  Iridion,  thofe  fubftances,  melted  and  left  to  cool  by 
themlelves,  are  fo  far  from  acquiring  any  eledricity,  that  they  lofe  every  vefW 
ot  it  in  eale  thej,  were  excited  before  the  fufion,  as  nuay  be  eafily  proved  bv 
experiment:  nor  ought  this  to  appear  wonderful,  lince  fufion  0;  a tfrono  debtee 

• 1 heat  renders  every  body  a condudor  of  eledricity,  b 
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increafed  by  this  apparatus ; I would  anfwer,  that  it  is  not  eafy 
to  be  determined,  as  it  depends  upon  various  circumftances ; 
however,  cceteris  paribus , the  augmentation  is  greater  in  propor- 
tion as  the  body  which  fupplies  the  metal  plate  with  the  elec- 
tricity has  a greater  capacity,  and  is  larger  in  proportion  as  the 
electricity  is  weaker.  Thus  we  obferved  above  (§  2.  and  fol- 
lowing) that  if  the  atmofpherical  conductor  has  barely  power 
enough  to  attraCt  a very  fine  thread,  it  is  neverthelefs  capable 
of  infilling  fuch  a quantity  of  electricity  into  the  metal  plate  of 
the  electrophorus,  as  to  let  it  not  only  actuate  an  electrometer, 
hut  even  dart  ftrong  fparks.  But  if  the  electricity  of  the  atmo- 
spherical conductor  is  fo  ftrong  as  to  afford  fome  fparks,  or  to 
let  the  index  of  the  electrometer  rife  to  five  or  fix  degrees, 
then  the  metal  plate  of  the  eleCtrophorus,  which  receives  the 
electricity  from  this  conductor,  according  to  our  method,  will 
certainly  let  the  index  of  the  eleCtrophorus  rife  to  the  higheff 
degree,  tlnd  will  give  a ftronger  fpark,  yet  it  may  be  plainly 
perceived,  that  the  condenfation  is  proportionably  lefs  in  this 
than  in  the  other  cafe.  The  reafon  is,  becaufe  the  eieCtricity 
cannot  be  accumulated  beyond  the  greatelf  degree,  viz.  when 
the  eieCtricity  is  increafed  fo  much  as  to  be  diflipated  every 
way.  Therefore,  according  as  the  eleCtric  power,  which  fup- 
plies the  condenfer,  is  nearelf  to  the  higheff  degree,  the  con- 
denfation is  proportionably  lefs  : but  in  that  cafe  there  is  no 
need  of  a condenfer,  fince  its  principal  ufe  is  to  colleCt  and 
render  fenlible  that  fmall  quantity  of  eieCtricity,  which  would 
otherwife  remain  imperceptible  and  unobferved. 

10.  Whenever,  therefore,  the  atmofpherical  conductor  by 
itfelf  gives  fufficiently  ftrong  figns  of  eieCtricity,  then  there  is 
no  occalion  to  ufe  our  condenfmg  apparatus.  Belides,  when 
the  eieCtricity  is  ftrong,  it  often  happens,  that  part  of  the 
eieCtricity  of  the  metal  plate  is  imprefled  upon  the  refin,  in 
which  cafe  the  apparatus  aCts  as  an  eleCtrophorus,  and  confe- 
quently  is  unfit  for  our  purpofe  (§  8.). 

1 1.  In  order  to  avoid  fuch  an  inconvenience,  I have  thought  of 
fubftituting  to  the  relinous  plate  a plane,  which  fhould  not  be  a 
perfeCt  eleCtric,  or  quite  impervious  to  eieCtricity,  but  which 
ihould  be  an  imperfeCt  conductor,  fuch  as  might  hinder,  in  a cer- 
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tain  meafure  only,  the  free  paflage  of  the  eleClric  fluid  through 
its  fubftance.  There  are  many  conductors  of  this  kind  ; as, 
for  inftance,  a clean  and  dry  marble  flab,  a plate  of  wood  (like- 
wife  clean  and  very  dry,  or  covered  with  a coat  of  varnifh,  or 
wax)  and  the  like.  The  furface  of  thole  bodies  does  not  con- 
tract any  electricity,  or  if  any  electricity  adheres  to  them,  it 
vanilhes  loon,  on  account  of  their  femi- conducting  nature;  for 
which  realon  they  cannot  anfwer  the  office  of  an  eleCtrophorus* 
and  therefore  are  more  fit  to  be  ufed  as  condenfers  of  eleCtricitv. 

12.  Befides  the  advantages  above  mentioned,  there  is  ano- 
ther, which  arifes  from  fubftituting  an  imperfeCtly  conducting 
plane  to  the  refinous  plate,  namely,  that  the  metal  plate  laid 
upon  one  of  thefe  does  actually  condenfe  or  acquire  a greater 
quantity  of  eleCtricity  than  when  laid  upon  the  refinous  plate, 
or  other  perfeCt  eleCtric  ; for  fince,  as  was  find  above,  § 6. 
the  thinner  the  refinous  lfratum  is,  the  better  it  anfwers  our 
purpofe  ; in  the  cafe  of  a varnifhed  or  waxed  board,  this  ftra- 
tum  becomes  exceedingly  thin,  and  it  becomes  nothing  when 
an  imperfeCtly  conduding  fubftance  is  ufed,  fuch  as  a marble 
flab,  a very  dry  piece  of  wood,  &c. 

13.  On  the  other  hand,  care  fhould  be  taken,  in  choofing  the 
above  mentioned  plane,  that  it  be  not  too  much  of  a conducting 
nature,  or  capable  of  becoming  fo  in  a very  fhort  time,  it 
being  quite  neceflary,  that  the  eleCtricity  fhould  find  a confi- 
derable  degree  of  refiftance  in  going  through  its  fubftance.  In 
choofing,  or  in  preparing,  fuch  a plane  by  drying,  or  other- 
wife,  it  is  better  to  render  it  too  near  to  than  too  far  from 
the  nature  of  a non-conduCtor.  A marble  flab,  or  a board, 
properly  dried,  anfwers  admirably  well,  and  is  preferable  to 
any  other  plane  : otherwile  the  refinous  plate  of  an  ele&ro- 
phorus  is  preferable  to  a common  table  or  marble  flab  not  pre- 
pared; for  thefe  bodies,  being  in  fome  meafure  imbibed  with 
moifture,  conduCt  much  better  than  is  neceflary. 

14.  To  be  more  particular,  I fhall  add,  that  for  this  pur- 
pole  it  is  better  to  ufe  a flat  piece  of  marble,  and  to  grind 
it  againft  the  metal  plate,  till  they  coincide  fo  well  as  to 
fhew  a fenfible  cohelion  between  them.  Afterwards  the 
piece  of  marble  fhould  be  expofed  for  feveral  days  to  the 
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Iient  of  o.  warmed  place,  lucn  as  an.  oven,  a chimney,  See.  In 
order  to  expel  the  moifture,  and  to  render  it  quite  fit  for  our 
experiments  (§  12.  13.).  The  marble,  thus  prepared,  will 
continue  dry  for  a coniiderable  time,  except  it  be  long  expofed 
to  very  damp  air.  As  for  the  frnall  quantity  of  moifture  w hich 
the  marble  may  accidentally  and  fuperficially  attradf,  it  may  be 
removed  by  expofing  it  to  the  fun,  or  to  a fire,  or  even  by 
wiping  it  with  a dry  and  clean  cloth,  previous  to  the  per- 
forming of  experiments. 

15.  It  is  not  every  fort  of  marble  that  will  anfwer 
equally  for  this  purpole.  The  old  marbles,  which  have 
been  long  preferved  in  dry  places,  anfwer  better  than  thole 
which  have  been  recently  dug  from  the  quarry.  The  dif- 
ference of  the  lpecies  of  marble  is  alio  of  confequence  in  this 
bufinefs ; I have  found  fome  marbles  which,  without  any 
preparation,  anfwer  vaflly  well,  whereas  others  will  not  do 
near  lo  well,  even  when  properly  prepared  ; excepting,  how- 
ever, when  they  are  preferved  hot  during  the  experiment ; for, 
in  that  cafe,  they  anfwer  better  than  the  beft  pieces  of  marble 
that  are  not  preferved  hot.  It  is  always  advantageous  to  warm 
the  marble  previous  to  the  experiment. 

1 6-  Inftead  of  preparing  the  piece  of  marble  by  a long  con- 
tinued heat,  it  will  be  fufficient  to  give  it  a coat  of  copal  var- 
liilh,  or  amber,  or  lac  varnifh  : after  which  it  mull;  be  kept  in 
an  oven  for  a Ihort  time.  By  this  means  even  the  worft  fort  of 
marble  anfwers  very  well,  even  without  previoufly  warming 
or  keeping  it  hot  during  the  experiment. 

17.  By  means  of  the  varnifh  even  a metal  plate  may  be  ufed 
in  Bead  of  the  marble.  This  Ihould  be  firft  made  flat  by  grind- 
ing it  again!!  the  upper  plate,  and  then  it  mull  be  varnilhed,  but 
rather  thicker  than  when  the  varnifh  is  laid  upon*  the  marble. 
In  this  cafe  both  the  plates  might  be  varnilhed,  though  it  is 
fufficient  to  varnifh  one  of  them. 

18.  Here  it  may  be  laid,  that  in  fact  we  are  returned  to  the  ' 
eleCtrophorus.  This  is  tine  ; and  indeed  the  varnilhed  metal, 
or  marble,  or  wood,  may  be  excited  by  a very  flight  friction, 
even  lbmetimes  by  the  Ample  laying  of  the  metal  plate  upon  it, 
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especially  when  they  are  hot ; hence  there  is  no  occafion  ta 
warm  them,  when  they  are  good  for  the  purpoie,  left  they 
lhould  he  fo  well  prepared  as  to  be  ealily  excited,  and  then  adt 
like  an  eledlrophorus. 

19  However,  the  advantages  which  a varnifhed  plate  has 
above  the  common  eledlrophorus  are,  1.  that  the  varnifh  is 
always  thinner  than  the  common  relinous  ftratum  of  an  eledtro- 
phorus.  2.  That  the  varnifh  acquires  a more  fmooth  and  plain 
Surface ; hence  the  metal  plate  may  be  more  eafily,  and  to 
more  advantage,  adapted  to  it. 

20.  Inftead  of  the  above  mentioned  plane  of  marble  or  metal- 
varnifhed,  there  may  be  Substituted,  with  equal  advantage,  any 
Sort  of  plane  covered  with  dry  and  clean  oil-cloth  or  oil- 
ill  k or  fattin  and  other  Silk-fluff  that  is  not  confiderably 
thick  ; which  will  anfwer  very  well,  without  requiring  any 
more  than  perhaps  a flight  warming.  The  filk-fluffs  anfwer 
better  for  this  purpofe  than  thofe  made  of  cotton  or  wool,  and 
thefe  better  than  linen.  However,  by  a previous  drying  and 
keeping  them  hot  during  the  experiment,  paper,  leather,  wood, 
ivory,  bone,  and  every  Sort  of  imperfedl  condudlor,  may  be 
made  to  anfwer  to  a certain  degree. 

2 r . If  thofe  imperfedfly  condudling  Subfiances  were  dried 
too  much,  then  they  would  become  quite  eledlrics,  and  conse- 
quently ulelefs  for  our  purpofe  (as  will  be  made  appear 
better  in  the  Second  part  ot  this  paper),  excepting  when  they 
were  ufed  like  refins,  &c. 

22.  1 mufl  not  omit  to  mention  alfo,  that  the  apparatus  may 
be  rendered  more  Simple  by  applying  the  filk  or  other  femi- 
condudling  Stratum  to  the  upper,  viz.  to  the  metal  plate,  which 
is  furnifhed  with  a glafs  handle  inftead  of  the  marble  or  other 
plate,  which  in  that  cafe  becomes  ufelefs:  for  in  its  ftead  a 
plane  of  any  kind  may  be  ufed,  Such  as  a common  wooden  or 
marble  table,  even  not  very  dry,  a piece  of  metal,  a book,  or 
other  condudlor,  whether  perfect  or  imperfedt,  it  being  only 
neceflary  that  its  Surface  be  flat. 

In  fadl,  nothing  more  is  requifite  for  our  experiment  than 
that  the  eledlricity,  which  tends  to  pafs  from  one  Surface  to  the 
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other,  fhould  find  fome  refinance  or  oppofition  in  either  of 
the  fur  faces,  as  will  be  made  more  evident  in  the  fecond  part. 
It  is  immaterial  whether  the  non- conducting  or  femi- conducting 
ft  rat  um  be  laid  upon  one  or  the  other  of  the  planes,  it  being- 
only  neceflary  that  they  fhould  coincide  very  well  together, 
which  cannot  be  eafily  obtained  when  a common  table  is  ufed 
for  one  of  the  planes,  which  is  the  only  reafon  why  it  is  better 
to  ufe  two  planes  which  have  been  worked  flat  by  grinding  one 
upon  the  other,  and  one  of  them  varnifhed,  &c.  A Angle 
metal  plate,  covered  with  filk,  with  three  lilk  firings  faftened 
to  it  by  way  of  a handle,  may  be  conveniently  ufed  for 
ordinary  experiments. 

23.  Hitherto  we  have  confidered  the  ufe  of  our  condenfer  in 
exploring  the  weak  atmofpherical  eleCtrieity,  which  is  brought 
down  by  the  atmofpherical  conductor  But  this,  though 
the  principal,  is  not  the  only  ufe  to  which  it  may  be 
applied.  It  ferves  likewife  to  difcover  the  artificial  eleCtrieity 
when  this  is  fo  weak  as  not  to  be  difcoverable  by  any  other 
means,  which  happens  in  various  cales,  fome  of  which  I fhall 
now  proceed  to  mention. 

24.  A Leyden  phial  charged,  and  then  difeharged  by  touch- 
ing its  coated  fides  three  or  four  times  with  the  dilcharging 
rod,  or  the  hand,  feems  to  be  quite  deprived  of  eleCtrieity,  yet 

* Here  it  will  be  proper  to  mention  a remarkable  obfervation,  which  I have 
made  on  the  atmofpherical  electricity  with  the  help  of  the  condenfer.  The  late 
Mr.  canton  and  others  affirmed  that  they  had  obtained  ftronger  figns  of  eledricity 
from  their  atmofpherical  apparatus  at  the  time  of  an  aurora  borealis , than  at  other 
times ; but  various  other  philofophers  doubted  of  the  influence  of  electricity 
in  that  meteor,  and  fome  abfolutely  denied  it.  I myfelf  was  much  in  doubt 
about  it ; but  at  prefent  Mr.  canton’s  afiertion  feems  to  be  eftablifhed  beyond  a 
doubt,  as  Ihave  obferved  by  aftual  experiment.  During  the  ftrong  aurora  borealis, 
which  appeared  in  the  night  of  the  :8th  of  July,  1780,  the  light  of  which  rifing  gra- 
dually from  the  horizon,  reached  the  zenith  at  near  eleven  o’clock,  and  enlightened 
the  heavens  with  a reddifh  light,  the  weather  being  clear  and  windy;  our  con- 
denfing  apparatus  being  applied  to  an  atmofpherical  conductor,  gave  fine  bright 
fparks  ; whereas,  at  other  times,  that  is,  in  clear  weather,  and  at  every  hour  of 
the  day  or  night,  the  fame  apparatus  afforded  either  no  fparks  at  all,  or  ex- 
ceedingly fmall  ones,  the  reafon  of  which  was  becaufe  the  laid  conductor  was  not 
much  elevated. 
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u you  touch  with  the  knob  of  it  the  metal  plate  of  our  con- 
denier,  when  properly  fituated  f viz.  upon  an  imperfeftly  con- 
ducLing  plane,  &c.)  and  immediately  after  take  up  the  faid 
P . e’  thls  wiU  he  found  to  give  very  confpicuous  figns  of  elec- 
tricity, which  (hews  that  the  Leyden  phial  is  not  quite  de- 
prived of  electricity  as  it  appeared.  But  if  the  phial  was  left 
io  far  charged  as  juft  to  attract  a light  thread,  then  if  the  metal 
plate  were  to  be  touched  by  the  knob  of  it,  even  for  a moment 
it  would  afterwards,  when  lifted  up,  give  a ftrong  fpark,  and  if 
then  it  were  to  be  touched  again  by  the  knob  of  the  phial,  it 
would  afford  a fecond  lpark  hardly  fmaller  than  the  former, 
and  thus  fpark  after,  fpark  may  be  obtained  for  a long  time, 
which  is  a very  furprizing  experiment. 

This  method  of  producing  fparks  by  means  of  a phial,  which 
is  not  charged  fo  high  as  to  give  fparks  of  itfelf,  is  very  conve- 
nient for  various  pieafing  experiments ; as,  for  inftance,  that  of 
lghting  tne  inflammable  air-piftol,  or  lamp,  contrived  by  me. 
especially  when  a perfon  is  provided  with  one  of  thofe  phials’ 
prepared  after  the  manner  recommended  by  Mr.  Tiberius’ 
cavallo  *,  which  when  charged  may  be  carried  in  the  pocket 
for  a long  time.  Thofe  phials,  as  they  retain  a fenfible  charge 
toi  feveral  days,  will  retain  an  in  fenfible  one  for  weeks  or 
months.  I mean,  by  an  infenfible  charge,  fuch  as  cannot  be 
fo  covered  but  by  the  help  of  the  condenfer,  in  which  cafe  it 
becomes  more  than  fenfible,  and  fuffleient  for  the  experiment 
of  the  inflammable  air-piftol,  &c. 

25.. Secondly,  Suppole  you  have  an  eledrical  machine  fo 
ba.„v  111  or<for  that  its  conductor  will  not  afford  any  fpark,  but 
will  juft  attraft  a thread;  then  if  you  let  this  conductor  touch 
the  metal  plate  of  the  condenfer,  and  after  fuffering  it  to 
continue  m that  fituation  for  a few  minutes,  whilft  the  machine 

[1  ’cPt  111  m°tion,  lift  up  the  metal  plate,  you  will  obtain 
from  it  a ftrong  fpark. 

26.  Thirdly,  In  cafe,  the  eleftrical  machine  atfs  very 
ueh,.  but  its  conductor  is  fo  badly  infulated,  that  it  will 
nol  give  any  fparks,  as  when  the  conductor  touches  the  walls 

Sec  his  Treatife  on  Electricity, 


Of 


the  weakejl  Natural  or  Artificial  Electricity.  xvit 

of  the  room,  or  when  a chain  falls  from  it  upon  the  table  ; 
then  if  you  let  the  faid  conductor  in  that  flats  touch  the  metal 
plate  of  the  condenfer,  whilft  the  electrical  machine  is  in 
adtion,  the  plate  will  afterwards  give  fufficiently  ftrong  figns 
of  eledtricity,  which  thews  the  great  power  this  apparatus  has 
of  drawing  and  condenfmg  the  eledtricity. 

27.  Fourthly,  The  ulual  way  of  rubbing  divers  bodies,  and 
then  prefenting  them  to  an  electrometer  in  order  to  examine 
their  electricity,  is  often  infufficient,  that  is,  it  makes  the  expe- 
rimenter believe,  that  a body  has  not  acquired  any  electricity 
at  all,  only  becaufe  the  quantity  of  it  is  too  fmall  to  affedt  an 
electrometer.  In  this  cale  it  is  very  advantageous  to  rub  thole 
bodies  with  the  metal  plate  of  our  apparatus,  which  plate  for 
this  purpofe  muft  be  naked  ; for  if  the  plate  be  afterwards  p re- 
lented to  an  eledtrometer,  this  will  be  electrified  confiderablv, 
however  little  eledlricity  the  rubbed  bodies  themfelves  may 
have  acquired.  The  quality  of  this  eledtricity,  viz.  whether  it  be 
politive  or  negative,  may  be  eafily  afcertained,  lince  the  eledtri- 
eity  of  the  metal  plate  muft  be  the  contrary  of  that  acquired 
by  the  body  rubbed  upon  it.  Mr.  cavallo  alfo  made  ufe  of 
this  method  to  difcover  the  eledtricity  of  certain  bodies  *. 
But  there  is  a better  method,  to  be  ufed  in  cafe  the  bodies  to 
be  examined  are  not  eafily  adapted  to  the  metal  plate,  which 
method  neither  Mr.  cavallo  nor  others  have  known.  This 
is  the  following.  The  metal  plate  being  laid  upon  the  im- 
perfedtly  conducting  plane,  the  body  to  be  tried  is  rubbed 
again  ft,  or  is  repeatedly  ftroked,  upon  it ; which  done,  the 
plate  is  taken  up,  and  is  examined  by  an  eledtrometer.  If  the 
body  tried  by  this  method  is  a piece  of  leather,  a firing,  a 
piece  of  cloth,  or  velvet,  or  other  imperfedt  conductor  of  the 
like  fort,  the  plate  will  be  certainly  found  eledtrified,  and  in- 
comparably more  by  this  means  than  if  it  w^ere  ftroked  by  the 
lame  bodies,  whilft  handing  infulated  in  the  air.  In  fhort,  bv 
either  of  thofe  methods  you  will  obtain  fome  eledtricity  from 
fuch  bodies  as  could  hardly  be  expedted  to  give  any,  even  when 
they  are  not  very  dry.  Indeed,  coals  and  metals  excepted,, 

* Sec  his  Treadle  on  Eledtricity,  part  IV.  chap.  vi. 
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every  other  body  will  give  fome  electricity . 1 can  farther  fay, 

that  I have  often  obtained  fome  electricity  even  by  Stroking  the 
metal  plate  with  my  naked  hand. 

28.  It  has  been  questioned,  whether  evaporation,  fer- 
mentation, &c.  produced  any  electricity,  and  the  investigation 
is  of  confequence  for  determining  fomething  certain  about 
the  atmol'pherical  electricity.  I know  that  various  perfons  have 
attempted  in  vain  to  diScover  eleCtricity  in  thofe  cafes.  Some  ex- 
periments of  mine  relating  to  this  purpoS'e  had  all'o  failed ; never- 
theless, I entertained  fome  hopes  of  Succeeding,  as  I had  for  a 
great  while  imagined,  that  eftervefcence,  diflolution,  evapora- 
tion, & c.  by  disturbing  the  natural  form  and  Situation  of  the 
particles  of  bodies,  ought  to  have  increafed  or  diminished  the 
capacity  of  the  bodies  contiguous  to  thofe  in  aCtion,  and  con- 
sequently ought  to  have  occasioned  in  fome  cafes  a rarefaction, 
and  in  others  a condenfation  of  the  eleCtric  fluid.  Being  per- 
fuaded  of  this  theory,  I thought  that  the  eleCtricity  produced 
in  thofe  cafes  was  not  difcovered,  partly  bccaufe  of  its  fmall 
quantity,  and  partly  becaul'e  the  inSulation  was  almoSt  de- 
stroyed by  the  vapours  that  rofe,  and  I imagined,  that  by 
a greater  accuracy,  and  by  multiplying  the  experiments, 

I Should  fome  time  or  other  difcover  it  *.  It  is  about 

two  years  fince,  that  having  gradually  been  able  to  condenfe 
the  eleCtricity  to  a great  degree  by  means  of  the  above  defcribed 
apparatus,  I again  thought  of  repeating  my  old  experiments 
about  the  evaporation,  &c.  and  entertained  much  better  hopes 
of  discovering  Something  new  about  it,  almoft  foreseeing  the 
event ; but  various  occupations  deferred  thofe  experiments  till 
the  months  of  March  and  April  of  the  prefent  year  1782, 
when  being  at  Paris,-  in  company  with  fome  members  of  the 
Royal  Academy  of  Sciences,  1 at  laSt  fucceeded  in  obtaining 
clear  figns  of  eleCtricity,  nay  and  even  the  fpark,  from  the 
evaporation  of  water,  from  the  Ample  combuStion  of  coals, 

* All  thefe  thoughts  are  mentioned  in  a Latin  diflertation,  printed  in  the  year 
1769,  and  entitled,  De  ni  attraHiva  ignis  clettrici,  at  pbanomcnis  indc pcndcntihus,  ad 
jOHANNEM  EAPTJSTAM  EECCARIAM,'&C. 
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and  from  various  effervefcences,  as  thofe  which  produce  in- 
flammable air,  fixed  air,  and  nitrous  air. 

29. 1 {hail  flnilh  the  firfl:  part  of  this  paper  with  obferving,  that' 
h elides  the  abovementioued  ules,  to  which  our  conderfling  ap- 
paratus may  be  applied,  the  various  experiments  which  may  be 
made  with  it  throw  great  light  upon  the  theory  of  eleCtric 
atmofpheres  in  general,  of  which  we  arc  going  to  treat  m tut- 
fcconcl  part. 
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30.  The  experiments  related  in  the  foregoing  pages  have 
(hewn  how  eafily  a metal  plate,  or  other  conducing  plain 
furface,  when  properly  fituated,  can  draw  the  cleCtric  fluid 
upon  itfelf  from  a weak  atmofpherical  eleCtricity,  from  a Ley- 
den phial,  &c.  lb  as  to  render  its  effects  much  more  confpi- 
cuous  and  vigorous.  It  is  now  neceffary  to  give  an  explanation 
of  thole  phenomena,  the  theory  of  which  will  greatly  facili- 
tate the  practical  performance  of  this  lort  of  experiments. 

31.  The  whole  matter,  therefore,  may  be  reduced  to  this, 
viz.  that  the  metal  plate  has  a much  greater  capacity  for  hold- 
ing electricity  in  one  cafe,  viz.  when  it  lies  upon  a proper 
plane  (as  mentioned  in  § 1 1.  12.  22.)  than  when  it  {lands  quite 
infulated,  as  when  it  is  lufpended  in  the  air  by  its  lilk  firings 
or  infulating  handle,  or  when  it  {lands  upon  an  infulating 
{hand,  as  a thick  ffratum  of  reiin  or  the  like. 

32.  It  is  ealy  to  comprehend,  that  wherever  the  capacity  of 
holding  electricity  is  greater,  there  the  intenlity  of  electricity 
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is  proportionably  lefs,  viz.  a greater  quantity  of  eledtricity  is 
in  that  cafe  required,  in  order  to  raife  its  intenfity  to  a given 
degree;  fo  that  the  capacity  is  inverfely  as  the  intenfity \ by 
which  word  I mean  the  endeavour  by  which  the  eledtricity  of. 
an  eledtrified  body  tends  to  efcape  from  all  the  parts  of  it,  to 
which  tendency  or  endeavour  the  eledtrical  phenomena  of  at- 
tradtion,  repuliion,  and  efpecially  the  degree  of  elevation  of 
an  eledlrometer,  correfpond. 

33.  That  the  intenfity  of  electricity  mu  ft  be  inverfely  propor- 
tional to  the  capacity  of  the  body  eledtrified,  will  be  clearly 
exemplified  by  the  following  experiment.  Take  two  metal  rods 
of  equal  diameter,  but  one  of  them  a foot,  and  the  other  five 
feet  long ; and  let  the  firft  be  eledtrified  lb  high  as  that  the 
index  of  an  eledlrometer  annexed  to  it  may  be  elevated  to  6o°; 
then  let  this  eledtrified  rod  touch  the  other  rod,  and  in  that  cafe 
it  is  evident,  that  the  intenfity  of  the  eledtricity,  by  being  parted 
between  the  two  rods,  will  be  diminiftied  in  proportion  as  the  ca- 
pacity is  increafed  ; fo  that  the  index  of  the  eledlrometer,  which 
before  was  elevated  to  6o°,  will  now  fall  to  io°,  viz.  to  one-fixth 
of  the  former  intenfity,  becaufe  now  the  capacity  is  fix  times 
greater  than  when  the  fame  quantity  of  eledtricity  was  con- 
fined to  the  firft  rod  alone.  For  the  fame  reafon,  if  the  faid 
quantity  of  eledtricity  was  to  be  communicated  to  a rod  fixty 
times  longer,  its  intenfity  would  be  diminifhed  to  one  degree ; 
and,  on  the  contrary,  if  the  eledtricity  of  this  long  conductor 
was  to  be  contradted  into  the  fixtieth  part  of  that  capacity,  its 
intenfity  would  be  increafed  to  6o°. 

34.  Now  not  only  condudtors  of  different  bulk  have  dif- 
ferent capacities  for  holding  eledtricity,  but  alfo  the  capacity  of 
the  fame  condudtor  may  be  increafed  or  diminifhed  by  various 
circumftances,  fome  of  which  have  not  yet  been  properly  con- 
iidered.  It  has  been  obferved,  that  the  capacity  of  the  fame 
condudtor  is  increafed  or  diminifhed  in  proportion  as  its  furface 
is  enlarged  or  contradted,  as  is  fhewn  by  Dr.  franklin’s  expe- 
riment of  the  can  and  chain,  and  various  other  experiments, 
from  which  it  has  been  concluded,  that  the  capacity  of  con- 
dudtors 
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duCtors  is  in  proportion  to  their  {urface,  and  not  to  their  quan- 
tity of  matter. 

35.  This  conclufion  is  true,  but  does  not  comprehend  the 
whole  theory,  lince  even  the  extenfion  contributes  to  increafe 
the  capacity  ; fo  that  of  two  conductors,  which  have  equal  but 
diffimilar  furfaces,  that  which  is  the  more  extended  in  length 
has  the  greater  capacity*.  In  (hort,  it  appears  from  ail  the 
experiments  hitherto  made,  that  the  capacity  of  conductors  is 
in  proportion  not  to  the  furfaces  in  general,  but  to  the  furfaces 
which  are  free,  or  uninjiuenced  by  an  homologous  atrnojphere. 

36.  But  that  which  comes  nearer  to  our  cafe  is,  that  the 
capacity  of  a conductor,  which  has  neither  its  form  nor  1 in  face 
altered,  is  increafed  when,,  inftead  of  remaining  quite  infu- 
lated,  the  conductor  is  prefented  to  another  conductor  not  infu- 
lated  ; and  this  increafe  is  more  confpicuous,  according  as  the 
furfaces  of  thofe  conductors  are  larger  and  come  neaier  to  each 

other. 

When  an  i'nfulated  conductor  is  oppofed  or  prefented  to  ano- 
ther conductor  w'hatever,  I call  it  a conjugate  conductor,  ^ 

37.  The  circumftance  mentioned  in  the  preceding  paragraph, 
which  augments  prodigioufly  the  natural  capacity  of  con- 
ductors, is  that  which  I find  to  have  been  hitherto  principally 
overlooked,  far  from  any  advantages  having  been  deduced  from 
It ; but  let  us  begin  with  thofe  experiments  which  fhew  this 
increafed  capacity  in  the  fimpleft  manner.  1 take,  for  example,  the 
metal  plate  of  an  eleCtrophorus,  and  holding  it  by  its  infulating 
handle  in  the  air,  eleCtrify  it  fo  high  that  the  index  of  an 
electrometer  annexed  to  it  might  be  elevated  to  6o°,  then  lower- 
ing this  metal  plate  by  degrees  towards  a table  or  other  con- 
ducting plain  furface,  I obferve  that  the  index  of  the  electrometer 
falls  g radually  from  6o°  to  50°,  40°,  30°,  &c.  Notwitbftanding 
this  appearance,  the  quantity  of  eleCtricity  in  the  plate  re- 
mains the  fame,  except  the  faid  plate  be  brought  fo  near  the 
table  as  to  occafion  a tranfmiffion  of  the  eleCtricity  from  the 


**  See  my  DifTertation  on  th< 
the  Opufccli  Scelti  for  the  year  17 

year. 
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former  to  the  latter;  at  lealt  the  quantity  of  electricity  will 
remain  as  much  the  lame  as  the  dampnefs  of  the  air,  &c.  will 
permit,  h he  dec  reale,  therefore,  of  intenlity  is  owing  to  the 
increaled  capacity  of  the  plate,  which  now  is  not  inlulated 
Johtiiry  but  conjugate.  In  proof  of  this  propolition,  if  the 
plate  he  remow  cl  gradually  farther  and  farther  from  the  table,  it 
v>ill  be  ton nd,  that  the  electrometer  riles  again  to  its  former 
Nation,  namely  to  60  , excepting  the  lots  of  that  quantity  of 
electricity,  which  during  the  experiment  mull  have  been  more 
or  Ids  imparted  to  the  air,  & c. 


38.  1 he  reafon  of  this  phenomenon  is  eafily  derived  from  the 
a Chon  ot  eleCtric  atmolpheres.  The  atmofphere  of  the  metal 
plate,  which  tor  the  prelent  I lhall  iuppole  to  he  electrified 
politively,  acts  upon  the  table  or  other  conductor  whatever  to 
which  it  is  prelented  ; fo  that  the  electric  fluid  of  the  table, 
agreeably  to  the  known  laws,  retiring  to  the  remoter  parts  of 
it,  becomes  more  rare  in  thofe  parts  which  are  expofed  to  the 
metal  plate,  and  this  rarefaction  becomes  greater  the  nearer  the 
eletlnfied  metal  plate  is  brought  to  the  table.  If  the  metal 
plate  is  electrified  negatively,  then  the  contrary  effects  muft 
take  place.  In  fhort,  the  parts  immerfed  into  the  l'phere  of 
aCtion  of  the  electrified  metal  plate,  contract  a contrary  electri- 
city, which  accidental  electricity,  making  in  fome  manner  a 
compenfation  for  the  real  electricity  of  the  metal  plate,  dimi- 
nilhes  its  intenlity,  as  is  fhewn  by  the  deprellion  of  the  elec- 
trometer (§  37.). 

39.  The  two  following  experiments  will  throw  more  light 
upon  the  reciprocal  aCtion  of  the  eleCtric  atmolpheres.  Firft, 
iuppofe  two  flat  conductors,  eleCtrified  both  politively  or  both 
negatively,  to  be  prelented  towards,  and  to  be  gradually 
brought  near,  each  other : it  will  appear,  by  two  annexed 
electrometers,  that  the  nearer  thofe  two  conductors  come  to 
each  other,  the  more  their  intenlities  will  mcreale ; which, 
fhews,  that  either  of  the  two  conjugate  conductors  has  a much 
Ids  capacity  now  than  when  it  was  lingly  infulated,  and  out 
of  the  influence  of  the  other.  This  experiment  explains  the 
reafon  why  an  eleCtrified  conductor  will  fhew  a greater  intenlity 

when 
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when  it  comes  to  he  contracted  into  a Smaller  bulk;  and  alio 
why  a long  extended  conductor  will  (hew  a lei's  inteniity  than  a 
more  compact  one,  luppoling  that  their  quantity  of  fur  face 
and  of  electricity  is  the  lame  ; hecauie  the  homologous  atmo- 
fpheres  of  their  parts  interfere  Ids  with  each  other  in  the 
former  than  in  the  latter  cafe. 

40.  Secondly,  Let  the  preceding  experiment  he  repeated 
with  this  variation  only,  viz.  that  one  of  the  fiat  conductors 
be  elcCtrihed  positively,  and  the  other  negatively  : the  effeCts 
then  will  he  juft  the  reverie  of  the  preceding,  viz.  the  inten- 
iity of  their  electricities  will  be  diminished,  hecauie  their  capa- 
cities areincreafed  the  nearer  the  conductors  come  to  each  other. 

41.  Let  us  now  apply  the  explanation  of  this  laid  experi- 
ment to  the  other  experiment  mentioned  in  §38.  viz.  that  of 
bringing  the  eleCtrified  metal  plate  towards  a conducting  plane 
which  is  not  infulated  ; for  as  this  plane  acquires  a contrary 
eleCtricity,  it  follows,  that  the  inteniity  of  the  metal  plate’s 
eLCtricity  mult  he  diminished  ; hence  the  annexed  electrometer 
is  deprefled  according  as  the  capacity  of  the  plate  is  increafedy 
and  consequently  the  plate  in  that  cafe  may  receive  a greater 
quantity  of  eleCtricity. 

42.  This  matter  may  he  rendered  Still  more  clear  by  infu- 
lating  the  conducting  plane,  whilft  the  other  eleCtrified  plate  is 
upon  it,  and  afterwards  feparating  them  ;•  for  then  both  the 
metal  plate  and  the  conducting  plane  (which  may  he  callfed  the 
inferior  plane)  will  he  found  eleCtrified,  hut  pofleffed  of  con- 
trary electricities,  as  may  he  afeertainefi  by  ele& rometers. 

43.  If  the  inferior  plane  is  infulated"  firft,  and'  then  the 
eleCtrified  plate  is  brought  over  it,  then  the  latter  will  caule 
an  endeavour  in  the  former  to  acquire  a contrary  eleCtricity, 
which,  however,  the  infulation  prevents  from  taking  place  ; 
hence  the  inteniity  of  the  eleCtricity  of  the  plate  is  not  dimi- 
nilhed,  at  leaft  the  electrometer  will  fhew  a-  very  little  and 
almoft imperceptible  depreSfion,  which  fmall  depreffion  isowing, 
to  the  imperfection  of  the  infulation  of  the  inferior  plane,  and 
to  the  fmall  rarefaCtion  and  condenfation  of  the  eleCtric  fluid,, 
which  may  take  place  in  different  parts  of  the  faid  inferior 
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plane.  But  if  in  this  fituation  the  inferior  plane  be  touched  fo 
as  to  cut  oft  the  infulation  for  a moment,  then  it  will  imme- 
diately acquire  the  contrary  electricity,  and  the  intenfity  in  the 
metal  plate  will  be  diminifhed. 

44.  If  the  inferior  plane,  inftead  of  being  infulated,  were 
itfelf  a non-conduCting  fubffcance,  then  the  fame  phenomena 
would  happen,  viz.  the  intenfity  of  the  electrified  metal  plate 
laid  upon  it  would  not  be  diminifhed.  This,  however,  is  not 
always  the  cafe ; for  if  the  faid  inferior  non-conduCting  plane 
is  very  thin,  and  is  laid  upon  a conductor,  then  the  intenfity 
of  the  eleCtrified  metal  plate  will  be  diminifhed,  and  its  capacity 
will  be  increafed  by  being  laid  upon  the  thin  infulating 
ftratum  ; becaufe  in  that  cafe  the  conducting  fubftance,  which 
hands  under  the  non-conduCting  ftratum,  acquiring  an  elec- 
tricity contrary  to  that  of  the  metal  plate,  will  diminifh  its 
intenfity,  &c.  and  then  the  infulating  ftratum  will  only  dimi- 
nifh the  mutual  aCtion  of  the  two  atmofpheres  more  or  lefs, 
according  as  it  keeps  them  more  or  lefs  afunder. 

45.  The  intenfity  or  eleCtric  aCtion  of  the  metal  plate,  which 
diminifhes  gradually  as  it  is  brought  nearer  and  nearer  to  a con- 
ducting plane  not  infulated,  becomes  almoft  nothing  when  the 
plate  is  nearly  in  contaCt  with  the  plane,  the  compenfation  or 
accidental  balance  being  then  almoft  perfeCt.  Hence,  if  the 
inferior  plane  only  oppofes  a imall  refiftance  to  the  paflage 
of  the  eleCtricity  (whether  fuch  refiftance  isoccafioned  by  a thin 
eleCtric  ftratum,  or  by  the  plane’s  imperfeCt  conducting  nature, 
as  is  the  cafe  with  dry  wood,  marble,  &c.)  : that  refiftance  joined 
to  the  interval,  however  fmall,  that  is  between  the  two  planes, 
cannot  be  overcome  by  the  weak  intenfity  of  the  eleCtricity  of 
the  metal  plate,  which  on  that  account  will  not  dart  any  fpark 
to  the  inferior  plane  (except  its  eleCtricity  were  very  power- 
ful, or  its  edges  not  well  rounded)  and  will  rather  retain 
its  eleCtricity  ; fo  that,  being  removed  from  the  inferior 
plane,  its  eleCtrometer  will  nearly  recover  its  former  height. 
Befides,  the  eleCtrified  plate  may  even  come  to  touch  the 
imperfeCtly  conducting  plane,  and  may  remain  in  that  fitua- 
tion for  fome  time ; in  which  cafe  the  intenfity  being  reduced 
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almofi:  to  nothing,  the  electricity  will  pafs  to  the  inferior  plane 
exceedingly  {lowly. 

46.  But  the  cafe  will  not  be  the  fame  if,  in  performing  this 
experiment,  the  electrified  metal  plate  be  made  to  touch  the 
inferior  plane  edgewifie ; for  then  its  intenfity  being  greater 
than  when  laid  flat,  as  appears  by  the  electrometer,  the  elec- 
tricity eafily  overcomes  the  fmall  refiftance,  and  paflfes  to  the 
inferior  plane,  even  acrols  a thin  ftratum  * ; becaufe  the  elec- 
tricity ot  one  plane  is  balanced  by  that  of  the  other,  only  in 
proportion  to  the  quantity  of  lurface  which  they  oppofe  to 
each  other  within  a given  diftance  : whereby  when  the  metal 
plate  touches  the  other  plane  in  flat  and  ample  contact  its  elec- 
tricity is  not  diflipated.  This  apparent  paradox  is  clearly  ex- 
plained by  the  theory  of  eleCtric  atmofpheres. 

47.  What  looks  more  like  a paradox  is,  that  neither  will 
the  touching  the  metal  plate  with  a finger,  or  with  a piece  of 
metal,  deprive  it  of  all  its  eleClricity,  whilft  {landing  upon 
the  proper  plane  ; lb  that  it  generally  leaves  it  fo  far  electrified 
that,  when  it  is  afterwards  leparated  from  that  plane,  it  will 
{fill  afford  a fpark.  Indeed  this  phenomenon  could  not  be  ex- 
plained upon  the  fuppofition  that  the  finger  or  the  metals  were 
perfeCf  conductors.  But  fince  we  do  not  know  of  any  perfect 
conductor,  the  metals  or  the  finger,  oppofe  a refiftance  fuffi- 
cient  to  retard  the  immediate  diffipation  of  the  eleCtricity  of  the 

* This  explanation,  properly  applied,  renders  evident  the  ndions  of  points  in 
general.  Properly  fpeaking,  a pointed  candudor,  not  infulated,  when  prefenred 
to  an  eledrified  body,  has  not  in  itfelf  any  particular  virtue  of  attrading  elec- 
tricity. It  adds  only  like  a condudor  not  infulated,  which  does  not  oppofe  any 
refiftance  to  the  paffage  of  the  electric  fluid.  If  the  fame  condudor,  inflead  of 
being  pointed,  was  to  preient  a globular  or  flat  furface  to  the  electrified  body, 
neither  would  it  in  that  cal'e  oppofe  a greater  refiftance  to  the  paffage  of  the 
eledricity.  But  the  realon  why  the  electricity  will  not  pafs  nearly  fo  eafily  from 
the  eledrified  body  to  the  condudor  when  if  is  flat  or  globular,  as  when  if  is  pointed, 
is  becaufe  in  the  former  cafe  the  intenfity  of  the  eledricity  in  the  eledrified  body  is 
weakened  by  the  oppoled  fiat  furface,  which,  acquiring  the  contrary  electricity, 
compenfates  the  diminifhed  intenfity  incomparably  more  than  a point  can.  It 
appears,  therefore,  that  it  is  not  the  particular  property  of  a point  or  of  a flat 
furface,  but  the  different  ftate  of  the  eledrified  body,  that  makes  it  part  with  its 
eledricity  eafier,  and  from  a greater  diftance,  when  a pointed  concluding  iub- 
ftance,  than  when  a flat  or  globular  one  is  prefented  to  it. 

plate, 
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plate,  which  is  in  that  cafe  actuated  by  a very  (mail  degree  of  in- 
tenfity or  endeavour  of  expanding  ; lo  that  iuppofe,  for  inffnnee, 
that  the  piece  of  metal,  or  the  finger  by  touching  the  plate, 
took  oil  fo  much  of  its  electricity  as  to  reduce  the  intenfity  of 
the  remainder  to  the  fiftieth  part  of  a degree ; this  remain- 
ing electricity  would  then  be  almoft  nothing ; but  when  the 
plate,  by  being  feparated  from  the  inferior  plane,  has  its  capa- 
city 1 o far  dirainifhed  as  to  render  the  intenfity  of  its  electricity 
iqo  times  greater,  then  the  intenfity  of  that  remaining  electri- 
city would  become  of  two  degrees  or  more,  viz.  iufficicnt  to 
afford  a fpark. 

4S.  Hitherto  we  have  conlidered  in  what  manner  the  action 
of  electric  atmofpheres  muff  modify  the  electricity  of  the  me- 
tal plate  in  its  various  fituations.  We  muff  now  confider  the 
effects  which  take  place  when  the  electricity  is  communicated 
to  the  metal  plate  whilff  ftanding  upon  the  proper  plane.  The 
whole  bufinefs  having  been  proved  in  the  preceding  pages,  it 
is  caly  to  deduce  the  applications  from  it ; neverthelefs,  it  will 
be  uleful  to  exemplify  it  by  an  experiment.  Suppol'e  that  a 
Leyden  phial  or  a conductor  were  fo  weakly  electrified  that  the 
intenfity  of  its  electricity  was  only  of  half  a degree  or  even 
lels  : it  the  metal  [ late  of  our  apparatus,  when  Handing  upon 
the  proper  plane,  was  to  be  touched  with  .that  phial  or  con- 
ductor, it  is  evident,  that  either  of  them  would  impart  to  it  a 
quantity  of  its  electricity,  proportional  to  the  plate’s  capacity, 
viz.  fo  much  of  it  as  fllould  make  the  intenfity  of  the  electricity 
of  the  piate  equal  to  that  of  the  electricity  in  the  conductor 
or  phial,  luppofe  of  half  a degree ; but  the  plate’s  capacity, 
now  that  it  lies  upon  the  proper  plane,  is  above  100  times 
greater  than  if  it  ffood  infulated  in  the  air,  or,  which  is  the 
lame  thing,  it  requires  100  times  more  electricity  in  order  to 
lhew  the  lame  intenfity;  therefore,  in  this  cafe  it  muff  require 
upwards  ot  100  times  more  electricity  from  the  phial  or  con- 
ductor. It  naturally  follows,  that  when  the  metal  plate  is  after- 
wards removed  from  the  proper  plane,  its  capacity  being  leflened 
fo  as  to  remain  equal  to  the  100th  part  of  what  it  was  before, 
the  intenfity  of  its  electricity  muff  become  of  50° ; fince,  agree- 

3 ably 
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ably  to  the  fuppofition,  the  intenfity  of  the  ele&ricity  in  the 
phial  or  conductor  was  of  half  a degree. 

49.  A conductor  that  is  eleCtrified  whilft  it  {lands  in  full  and 
ample  contact  with  another  proper  conductor,  as  above  ipeci- 
Hed,  and  is  afterwards  feparated  from  it,  (hews  the  fame  phe- 
nomena that  are  exhibited  by  a conductor,  which,  after  being 
electrified,  is  contracted  into  a fmaller  bulk,  or  contrariwife, 
like  Dr.  franklin’s  experiment  of  the  can  and  chain  (§  35.) 
&c. 

50.  If  a fmall  quantity  of  eleftricity  applied  to  the  metal  plate 
of  the  condenfer  enables  it  to  give  a ftrong  {park,  it  may 
be  alked,  what  would  a great  quantity  of  eleCtricity  do  ? The 
anfwer  is,  that  it  would  do  nothing  more,  becaufe,  when  the 
eleCtricity  communicated  to  the  metal  plate  is  io  ftrong  as  to 
overcome  the  fmall  refinance  of  the  inferior  plane,  it  will  be 
dilfipated. 

51.  After  all  that  has  been  faid  in  the  preceding  pages, 
it  may  be  eafily  underftood,  that  if  the  metal  plate  of  our  con- 
denfer can  receive  a good  {hare  of  eleCtricity  from  a Leyden 
phial  *,  or  from  an  ample  conductor,  however  weakly  electri- 
fied; it  cannot  receive  any  confiderable  quantity  of  it  from  a 
conductor  of  a fmall  capacity  ; for  this  conduaoi*  cannot  give 
what  it  has  not,  except  it  were  continually  receiving  a ftream, 
howfoever  fmall,  of  eleCtricity,  as  is  the  cafe  with  an  ntmo- 
fpherical  conductor,  or  with  a prime  conductor  of  an  eleCtrical 
machine,  which  aCts  very  poorly  but  continues  in  aCtion.  In 
thofe  cafes  it  has  been  obferved  above  (§  4.  25.}  that  a confi- 
derable time  is  required  before  the  metal  plate  has  acquired  a 
fufficient  quantity  of  eleCtricity. 

52.  As  an  ample  conductor,  weakly  eleCtrified,  imparts  a 
confiderable  quantity  of  eleCtricity  to  the  metal  plate  of  our 


f *-  jn  j^y  paper  on  the  Capacity  of  fimple  Conductors  is  fliewn  the  great  capa- 
city of  a Leyden  phial  in  comparifon  to  its  bulk,  juft  becaufe  the  eleftricity, 
which  is  communicated  to  one  of  its  furfaces,  is  balanced  by  the  contrary  eleftn- 
city  of  the  oppofite  furface.  There  I fhcw,  that  the  capacity  of  16  fquare  inches 
of  coated  furface  is  equal  to  the  capacity  of  a conduftor  made  of  filvered  cylin- 
drical fticks,  and  nearly  100  feet  long,  the  capacity  of  which  is  fo  great  that  its 
,park  occafions  a fhock  conliderably  ftrong. 
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condenfer,  fo  that  when  the  faicl  metal  plate  is  afterwards  fepa- 
rated  from  its  proper  plane,  the  electricity  in  it  appears  much 
condenfed  and  vigorous ; fo  when  the  fame  metal  plate  con-? 
tains  a fmall  quantity  of  electricity,  and  fuch  as  cannot  give  a 
fpark  or  afreCl  an  electrometer,  that  electricity  may  be  rendered 
very  confpicuous  by  communicating  it  to  another  fmall  metal 
plate  or  condenfer. 

Mr.  cavallo  was  the  firft  who  thought  of  this  improve- 
ment, which  he  derived  by  reafoning  upon  my  experiments. 
He  actually  made  a fmall  metal  plate  not  exceeding  the  fize  of  a 
fhilling:  this  fecond  condenfer  is  certainly  of  great  ufe  in  many 
cafes,  in  which  the  eleCtricity  is  fo  fmall  as  not  to  be  at  all,  or 
not  dearly,  obfervable  by  my  method  or  a firft  condenfer  only, 
as  has  been  evidently  proved  by  forne  experiments  we  made 
together.  Sometimes  the  ufual  metal  plate  of  my  condenfer 
acquired  fo  fmall  a quantity  of  eleCtricity,  that  being  after- 
wards taken  up  from  the  inferior  plane,  and  prefented  to  ail 
extremely  fenlible  electrometer  of  Mr.  cavallo’s  conftruCtion, 
it  did  not  affeCt  it.  In  this  cafe,  if  the  faid  metal  plate,  thus 
weakly  electrified,  was  made  to  touch  the  other  fmall  plate 
properly  fituated,  and  that  was  afterwards  brought  near  an 
electrometer,  the  eleCtricity  was  then  generally  ftronger  than 
what  would  have  been  fufficient  to  afcertain  its  quality. 

Now,  if  by  the  help  of  both  condenfers  the  intenfity  of  the 
eleCtricity  has  been  augmented  1000  times,  which  is  by  no 
means  an  exaggeration,  how  weak  muft’  then  be  the  eleCtricity 
of  the  body  examined  ? how  fmall  muft  that  eleCtricity  be 
which  is  produced  by  rubbing  a piece  of  metal  with  one’s 
hand,  fince  when  this  eleCtricity  is  condenfed  by  both  con- 
denlers,  and  then  is  communicated  to  an  eleftrometer,  it  can 
hardly  affedt  that  inftrument  ? Yet  it  is  fufficient  to  afford  con- 
viCtion,  that  the  metal  can  be  electrified  by  the  fridtion  of  a 
perfon’s  hand.  Some  years  ago,  viz.  before  the  difcovery  of 
our  condenfer,  and  of  Mr.  cavallo’s  fenfible  electrometer, 
we  were  very  far  from  being  able  to  difcover  fuch  weak  excita- 
tions ; whereas,  at  prcfent,  we  can  obferve  a quantity  of  elec- 
tricity incomparably  fmaller  than  the  fmalleft  obfervable  at 
thofe  times. 
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IN  § 28,  I mentioned,  that  after  various  attempts  I at  laft 
Succeeded  in  obtaining  undoubted  figns  of  electricity  from  the 
fimple  evaporation  of  water,  and  from  various  chemical  efter- 
vefcences ; but  as  this  is  a fa&  not  lefs  jnterefting  than  new, 
it  feems  proper  to  fubjoin  in  this  place  a faithful  account  of  the 
experiments  made  for  that  purpofe.  The  fhft  let  of  expen- 
ments  were  made  at  Paris,  in  company  with  Mr.  lavoisier 
and  Mr.  de  la  place,  two  intelligent  philo fophers  and  mem- 
bers of  the  Royal  Academy  of  Sciences.  After  I had  fhewn 
them  my  experiments  with  my  condenfer,  the\,  as  well  as 
myfelf,  began  to  entertain  hopes  of  fucceeding  in  the  experi- 
ments on  the  evaporation,  &c.  Accordingly  Mr.  lavoisier 
ordered  a large  condenfer  with  a marble  plane  to  be  made.  The 
f rft  experiment  I attempted  with  this  mitrument,  in  company 
with  Mr.  DE  LA  PLACE,  proved  unfuccefsful ; but  the  weather 
at  that  time  was  bad,  the  room  was  narrow  and  full  of  va- 
pours, and  the  apparatus  was  not  quite  in  proper  order. 
Mr.  de  la  place  and  Mr.  lavoisier  repeated  thofe  expen- 
ments  in  the  country,  and  then  they  were  attended  with  fuc- 
cefs,  which  incited  us  to  repeat  and  diverfify  the  experiments, 
by  which  means  the  dilcovery  was  compleated;  having  ob- 
tained unequivocal  figns  of  electricity  from  the  evaporation  ot 
water,  from  the  fimple  combuition  of  coals,  and  from  the 
effervefcence  of  iron  filings  in  diluted  vitriolic  acid.  This  ob- 
fervation  was  made  the  13th  of  April  of  the  prelent  year  1782, 
and  the  experiments  were  performed  in  the  following  manner. 
In  an  open  garden  a long  metal  plate  was  iniulated,  which, 
hy  means  of  a large  iron  wire,  was  made  to  communicate 

with  the  metal  plate  of  the  condenfei  laid  upon  the  piece  o 
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marble,  which  was  kept  continually  warm  by  fome  lighted 
coals  fet  underneath.  This  done,  fome  chafing-difhes,  con- 
taining burning  charcoal,  were  placed  upon  the  large  infulated 
plate.  The  combuftion  of  the  coals  was  helped  by  a gentle 
wind.  Some  minutes  after,  the  iron  wire,  by  which  the  large 
infulated  plate  was  connected  with  the  metal  plate  of  the  con- 
denfer,  was  taken  off ; then  the  metal  plate  being  removed  from 
the  marble  by  its  infulated  handle,  and  prefen  ted  to  Mr.  ca- 
vallo’s  electrometer,  made  the  balls  of  it  diverge  with  negative 
electricity.  The  experiment  was  repeated  by  placing  upon  the 
large  infulated  plate  four  veflels,  containing  iron  filings  and 
water,  in  dead  of  the  chafing-difhes  : then  fome  vitriolic  acid 
was  poured  into  thole  four  veffels,  fufficient  to  caufe  a vigor* 
ous  effervefcence,  and  when  the  ftrongeff  ebullition  was  going, 
to  iubfide,  the  metal  plate  of  the  condenfer  was  removed  from 
over  the  marble  ; and  being  examined,  not  only  electrified' 
the  electrometer  with  negative  eleCtricity,  but  gave  a fenlible 
fpark.  At  this  time  having  tried  to  obtain  eleCtricity  from  the 
evaporation  of  water,  the  effeCts  were  equivocal  or  hardly  fen- 
fible ; the  fame  thing  happened  a few  days  after,  when, 
however  we  obtained  clear  ligns  of  electricity  from  thofe  effer- 
vefcences,  which  produce  fixed  and  nitrous  air.  Thofe  experi- 
ments were  made  in  a lame  room . 

O 

One  day  the  electricity  ariling  from  the  evaporation  of  water 
feemed  to  be  pofitive ; but  fubfequent  experiments,  and  other 
circumftances,  indicate  that  fuch  a phenomenon  muff  be  attri- 
buted to  a miffake. 

Once  on  repeating  thefe  experiments  in  company  with  Mr. 
le  roy,  member  of  the  R.  A.  of  Sciences,  we  could  not  obtain 
any  electricity  from  the  evaporation  of  water  or  from  corn- 
buff  ion,  the  weather  being  extremely  damp  ; but  the  effer- 
vefcence of  iron  filings  and  diluted  vitriolic  acid  produced  elec- 
tricity enough  to  afcertain  that  it  was  negative,  though  it 
afforded  no  fpark. 

A fihort  time  before  I left  Paris  I once  more  repeated  the  expe- 
riment of  the  effervefcence  of  iron  filings,  &c.  with  fuccefs. 
This  experiment  was  made  in  the  laboratory  of  Mr.  billaum, 
an  inffrument-maker  and  lover  of  eleCtricity. 

o 
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The  experiment  on  the  evaporation  of  water,  which  did  not 
anfwer  fo  well  at  Paris,  lucceeded  much  better  in  London, 
where  I bethought  me  of  throwing  water  upon  the  lighted  coals, 
which  were  kept  in  an  mfulated  chafing-difh.  In  this  manner 
the  electricity  of  the  evaporation  never  fails  to  eieCtrify^  the 
chafing-difh  negatively,  and  ftrongly  enough  tor  the  electricity 
to  be  difcovered  by  the  Ample  electrometer;  it  will  even  afford 
a fpark,  if  the  condenfer  is  ufed.  The  firft  experiment  u-  this 
fort  was  made  at  Mr.  bennet’s,  who  is  a great  lover  pf  electri- 
city, in  prefence  of  Mr.  bennet,  Mr.  cavallo,  and  Mr. 
kirwan,  members  of  the  Royal  Society,  and  of  Mr.  walker, 
leCturer  of  experimental  philo fophy. 

Another  time  this  experiment  was  repeated  with  luccefs  at 
Mr.  cavallo’s,  in  the  following  manner.  A fmall  crucible,, 
containing  three  or  four  fmall  coals  lighted,  was  mfulated  5 
then  a fpoonful  of  water  was  thrown  upon  the  coals,  and  im- 
mediately after,  an  cleCtrometer,  which  communicated  with  the 
coals  by  means  of  a wire,  diverged  with  negative  eleCtncity. 

Thele  are  the  experiments  which  I have  had  the  opportunity 
to  make  hitherto  ; in  relating  which  I muff  not  omit  to  obfeive, 
that  although  the  condenfing  apparatus  has  not  been  always 
indifpenfably  neceffary,  Mr.  cavallo’s  very  fenfible  electro- 
meter alone  having  been  often  lufficient  for  the  puipofe;  vet  it 
muff  be  con  ft  {fed,  that  it  was  the  condenfing  apparatus  which 
fuggefted  thele  experiments*  and  by  the  help  of  which  even 
the  eleCtric  fpark  could  be  obtained.  Thele  experiments  have 
juft  opened  the  way  to  a vaff  field,  which  deierves  much  far- 
ther inveffigation.  It  is  natural  to  fuppofe,  that  if  compaCt 
bodies,  when  they  are  rarefied  or  become  an  elaffic  fluid,  re- 
quire an  additional  quantity  of  eleCtric  fluid,  and  confequently 
leave  thofe  bodies,  with  which  they  are  connected,  negatively 
eleCtrified;  it  muff  happen,  on  the  contrary,  that  when  va- 
uours  condenfe  they  muff  part  with  fofne  eieCtric  fluid,  that  is, 
muff  produce  a pofitive  eleCtricity.  This,  however,  remains 
to  be  proved  experimentally,  and  I have  already  imagined  feve- 
ral  ways  of  trying  it,  which  will  be  put  in  praftice  as  foon  as  I 

fhall  have  the  opportunity.  Mean  while  1 beg  leave  to  con- 
clude 
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elude  this  paper  with  mentioning  a few  ideas  I entertain 
relating  to  the  atmofpherical  eledtricity. 

The  experiments  hitherto  made,  though  not  numerous,  yet 
concur  to  fhew,  that  the  vapours  of  water,  and  in  general  the 
parts  of  all  bodies,  that  are  feparated  by  volatilization,  carry 
away  an  additional  quantity  of  eledtric  fluid  as  well  as  of  ele- 
mentary heat,  and  confequently  that  thofe  bodies,  from  the  con- 
tadt  of  which  the  volatile  particles  have  been  feparated,  remain 
both  cooled  and  eledtrified  negatively  : from  which  it  may 
be  deduced,  that  whenever  bodies  are  refolved  into  volatile 
elaftic  fluid,  their  capacity  for  holding  eledtric  fluid  is  aug- 
mented, as  well  as  their  capacity  for  holding  common  fire,  or 
the  calorific  fluid.  This  is  a ftriking  analogy  by  which  the 
fcience  of  electricity  throws  fome  light  upon  the  theory  of 
heat,  and  alternately  derives  light  from  it ; I mean  on  the  doc- 
trine of  latent  or  fpecific  heat,  the  firft  notions  of  which  were 
fuggefted  by  the  admirable  experiments  of  Dr.  black  and 
Wilke,  and  which  has  been  afterwards  much  elucidated  by 
Dix  crawford,  who  followed  the  experiments  of  Dr.  irwin. 

By  following  this  analogy  it  feems,  that  as  the  vapours  on 
their  condenfing,  lofe  patt  of  their  latent  heat,  on  account  of 
their  capacity  being  diminifhed,  fo  they  part  with  fome  eledtric 
fluid.  Hence  originates  the  pofitive  eledtricity,  which  is  always 
..more  or  lefs  predominant  in  the  atmolphere,  when  the  fky 
is  clear,  viz.  at  that  height  where  the  vapours  begin  to  be  con- 
denl'ed.  fVccordingly,  the  atmofpherical  eledtricity  is  ftronger 
in  fogs,  in  which  cafe  the  vapours  are  more  condenfed,  fo  as 
to  be  almoft  reduced  into  drops,  and  is  ftill  ftronger  when  thick 
fogs  become  clouds. 

Hitherto  we  have  accounted  for  the  pofitive  atmofpherical 
electricity ; but  it  is  eafy  to  account  for  clouds  negatively  elec- 
trified ; for  when  a cloud,  politively  eledtrified,  has  been  once 
formed,  its  fphere  of  adtion  is  extended  a great  way  round,  fo 
that  if  another  cloud  comes  within  that  fphere,  its  eledtric 
fluid,  agreeably  to  the  well  known  laws  of  eledtric  atmofpheres, 
mufl  retire  to  the  parts  of  it  which  are  the  remoteft  from  the 
firfl  cloud ; and  from  thence  the  eledtric  fluid  may  be  commu- 
nicated 
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nicated  to  other  clouds,  or  vapours,  or  terreftrial  prominencies. 
Thus  a cloud  may  be  electrified  negatively,  which  cloud,  after 
the  fame  manner,  may  occafion  a pofitive  eleCtricity  in  another 
cloud,  &c.  This  explains  not  only  the  negative  electricity, 
which  is  often  obtained  from  the  atmofphere  in  cloudy  weather; 
and  the  frequent  changes  from  pofitive  to  negative  eleCtricity, 
and  contrariwife  in  ftormy  weather  ; but  alfo  the  waving  mo- 
tion often  obferved  in  the  clouds,  and  the  hanging  down  of 
them,  fo  as  nearly  to  touch  the  earth. 

After  the  fore-mentioned  difcoveries  we  need  no  longer  won- 
der at  the  appearance  of  lightnings  in  the  eruptions  of  volcanos, 
as  was  particularly  obferved  in  the  late  dreadful  eruption  ol 
Mount  Vefuvius.  The  few  experiments  I have  made  fihew, 
that  the  quantity  of  fmoke,  but  much  more  the  rapidity  with 
which  it  is  produced,  tends  to  increafe  the  eleCtricity  which 
ariies  from  combuftion,  &c  How  great  mu  ft  then  be  the; 
quantity  of  electricity  that  is  produced  in  fuch  eruptions  ? 
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AMENDMENT  to  P.  191.  L.  12. 

I have  lately  repeated  this  experiment,  and  found  that  one  mea- 
fure  of  alkaline  air  is  faturated  by  lefs  than  half  of  one  meafure 
of  fixed  air,  but  more  than  one-third,  conformably  to  Dr. 
Priestley’s  firff  experiment,  p.  293. ; by  which  it  appears, 
that  100  gr.  of  alkaline  air  require  about  120  of  fixed  air  to 
faturate  them:  and  hence  100  gr.  of  concrete  volatile  alkali 
contain  about  53  of  fixed  air,  44  of  mere  volatile  alkali,  and 
3 of  water. 
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XIX.  An  Attempt  to  make  a Thermometer  for  meafuring  the 
higher  Degrees  of  Heat,  from  a red  Heat  up  to  the  ftrongeft 
that  Vejfels  made  of  Clay  can  fupport.  By  Jofiah  Wedgwood; 
communicated  by  Sir  Jofeph  Banks,  Bart.  P.  R.  S . 


Read  May  9,  1782. 

A MEASURE  for  the  higher  degrees  of  heat,  fuch  as  the 
common  thermometers  afford  for  the  lower  ones,  would 
be  an  important  acquifition,  both  to  the  philofopher  and  the 
practical  artiff.  The  latter  muff  feel  the  want  of  fuch  a meafure 
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on  many  ©ccafions ; particularly  when  he  attempts  to  follow,  or 
apply  to  ufe,  the  curious  experiments  of  Mr.  pqtt,  related  in 
his  Lithogeognofia,  and  other  modern  writers  upon  fimilar 
fubjedts.  When  we  are  told,  for  inftance,  that  fuch  and  fuch 
materials  were  changed  by  fire  into  a fine  white,  yellow,  green, 
or  other  coloured  glafs : and  find,  that  thefe  effects  do 
not  happen,  unlefs  a particular  degree  of  fire  has  fortunately 
been  hit  upon,  which  degree  we  cannot  be  fure  of  fucceeding 
in  again  : — when  we  are  difappointed,  by  having  the  refult  at 
lome  times  an  un vitrified  mafs,  and  at  others  an  over- vitrified 
fcoria,  from  a little  deficiency  or  excels  of  heat : — when  we  fee 
colours  altered,  not  only  in  fhade  but  in  kind,  and  in 
many  cafes  deflroyed,  by  a fmall  augmentation  of  the  heat 
which  had  produced  them  ; infomuch,  that  in  the  gradual  in- 
creafe  of  the  fire,  a precife  moment  of  time  muff  be  happily 
ieized,  in  order  to  catch  them  in  perfection  : — and  when  incon- 
veniences, fimilar  to  thefe,  arife  in  operations  by  fire  upon 
metals  and  other  fubftances : — how  much  is  it  to  be  wifhed, 
that  the  authors  had  been  able  to  convey  to  us  a meafure  of  the 
heat  made  ufe  of  in  their  valuable  proceffes  ! 

In  a long  courfe  of  experiments,  for  the  improvement  of  the 
manufacture  I am  engaged  in,  fome  of  my  greateft  difficulties 
and  perplexities  have  arifen  from  not  being  able  to  afeertain  the 
heat  to  which  the  experiment-pieces  had  been  expofed.  A red, 
bright  red,  and  white  heat,  are  indeterminate  expreffions ; and 
even  though  the  three  ftages  were  fufficiently  diftinCt  from 
each  other,  they  are  of  too  great  latitude  ; as  the  brightnefs  or 
Uiminoufnefs  of  fire  increafes,  with  its  force,  through  nume- 
rous gradations,  which  can  neither  be  exprefled  in  words,  nor 
di (criminated  by  the  eye.  Having  no  other  refource,  I have 
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been  obliged  to  content  myfelf  with  fuch  meafures  as  my  own 
kilns  and  the  different  parts  of  them  afforded.  Thus  the  kiln  in 
which  our  glazed  ware  is  fired  furnifhes  three  meafures,  the 
bottom  being  of  one  heat,  the  middle  of  a greater,  and  the 
top  ft  ill  greater  : the  kiln  jn  which  the  bifeuit  ware  is  fired 
furnifhes  three  or  four  others,  of  higher  degrees  of  heat ; and 
by  thefe  I have  marked  my  regidered  experiments.  But 
though  thefe  meafures  had  been  fully  adequate  to  my  own 
views,  which  they  were  not,  it  is  plain,  that  they  could  not 
be  communicated  to  others ; that  their  ufe  is  confined  to  a par- 
ticular drufture  of  furnaces,  and  mode  of  firing ; and  that, 
upon  any  alteration  in  thele,  they  would  become  ufeleis  and 
unintelligible,  even  where  now  they  are  bed  known.  And, 
indeed,  as  this  part  of  the  operation  is  performed  by  workmen 
of  the  lowed:  clafs,  we  cannot  depend  upon  any  great  accuracy 
even  in  one  and  the  fame  furnace.  It  has  accordingly  often 
happened,  that  the  pieces  fired  in  the  top  of  the  kiln  in  one 
experiment  have  been  made  no  hotter  than  thole  fired  in  the 
middle  in  another,  and  vice  ver/d . 

The  force  of  fire,  in  its  higher  as  well  as  lower  dages,  can 
no  otherwife  be  judly  afcertained  than  by  its  effects  upon  fome 
known  body.  Its  effect  in  changing  colours  has  already  been 
hinted  at ; and  I have  oblerved  compofitions  of  calces  or  iron 
with  clay  to  affume,  from  different  degrees  of  fire,  luch  a 
number  of  didindt  colours  and  fhades  as  promifed  to  afford 
ufe ful  criteria  of  the  relpective  degrees. 

With  this  idea,  I prepared  a quantity  of  fuch  a compofition, 
2nd  formed  it  into  circular  pieces,  about  an  inch  in  diametei, 
and  a quarter  of  an  inch  thick.  A numbei  of  thefe  was  placed 
in  a kiln,  in  which  the  fire  was  gradually  augmented,  with  as 
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much  uniformity  and  regularity  as  poffible,  for  near  fixty 
houis.  I he  pieces,  taken  out  at  equal  intervals  of  time  during 
tins  hicceflive  increafe  of  heat,  and  piled  in  their  order  upon 
one  anothei  in  a glafs  tube,  exhibited  a regular  and  pretty  ex- 
tenlive  femes  of  colours  ; from  a fie  decolour  to  a deep  brownifta* 
lea,  hom  tnence  to  a chocolate,  and  lo  on  to  nearlv  black, 
with  all  the  intermediate  tints  between  thefe  colours.  * A back 
bang  iixed  to  the  tube,  like  the  lcale  of  a thermometer,  and  the 
numbeis  of  the  pieces  marked  upon  it  relpeftively  oppofite  to 
them,  it  is  obvious,  that  thefe  numbers  may  be  confide  red  as 
fo  many  thermometnc  div.ifions  or  degrees ; and  that,  if  ano- 
ther piece  of  the  lame  competition  be  bred  in  any  other  kiln 
Oi  furnace,  not  exceeding  the  utmoff  heat  of  the  brff,  it  will 
acquire  a colour  correlponding  to  lome  of  the  pieces  in  the 
tube,  and  thus  point  out  the  degree  of  heat  which  that  piece, 
and  confequendy  fucli  other  matters  as  were  in  the  fire  along 
with  it,  have  undergone. 

It  muff  however  be  con  felled,  that,  for  general  life,  a ther- 
mometer on  this  principle  is  liable  to  objection,  as  ideas  of  co- 
lours are  not  perfectly  communicable  by  words ; nor  are  all 
eyes,  or  all  lights,  equally  adapted  for  diitinguifhing  them, 
especially  the  Shades  which  approach  near  to  one  another ; and 
the  effe&s  of  phlogiftic  vapours,  in  altering  the  colour,  may 
not  in  all  cafes  be  eafily  guarded  againfL 

In  considering  this  Subject  attentively,  another  property  of 
argillaceous  bodies  occurred  to  me  ; a property  winch  obtains, 
in  a greater  or  lei's  degree,  in  every  kind  af  them  that  lias  come 
under  my  examination,  io  that  it  may  be  deemed  a diitinguifh- 
ing chaiactei  of  this  order  of  earths  : I mean,  the  diminution  of 
their  bulk  by  fire  ; I have  the  Satisfaction  to  find,  in  a courfe 
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of  experiments  lately  made  with  this  view,  that  it  is  a more 
accurate  and  extenlive  mealure  of  heat  than  the  different  fhades 
of  colour. 

I have  found,  that  this  diminution  begins  to  take  place  in  a 
low  red-heat ; and  that  it  proceeds  regularly,  as  the  heat  in- 
creafes,  till  the  clay  becomes  vitrified,  and  confequently  to  the 
utmoff  degree  that  crucibles,  or  other  veffels  made  of  this  ma- 
terial, can  lupport.  The  total  contraction  of  lome  good  clavrs 
which  I have  examined,  in  the  ftrongefi:  of  my  own  fires,  is 
confiderably  more  than  one-fourth  part  in  every  dimenfion. 

If,  therefore,  iwe  can  procure  at  all  times  a clay  fufficiently 
apyrous  or  unvitrefcible,  and  always  of  the  fame  quality  in 
regard  to  contraction  by  heat;  and  if  we  can  find  means  of 
meafuring  this  contraction  with  eale  and  minute  accuracy,  I 
flatter  myfelf,  that  we  lhall  be  furnilhed  with  a meafure  of 
fire  fufficient  for  every  purpofe  of  experiment  or  bufinefs. 

We  have,  in  different  parts  of  England,  immenfe  beds  of 
clay ; each  of  which,  at  equal  depths,  is  pretty  uniform  in 
quality  throughout  its  whole  extent.  Of  all  the  forts  I have 
hitherto  tried,  fome  of  the  pureff  Cornifh  porcelain  clays  feem 
the  bell:  adapted,  both  for  fupporting  the  intenfity,  and  mea- 
furing  the  degrees,  of  fire. 

For  preparing  and  applying  this  material  to  thermometric 
purpofes  the  following  method  is  propol'ed. 

The  clay  is  firft  to  be  walked  over,  and,  whilft  in  a dilute 
ffate,  palled  through  a fine  lawn.  Let  it  then  be  made  dry, 
and  put  up  in  boxes  *, 

* While  the  clay  is  thus  kept  dry  in  boxes,  as  well  as  while  it  continues  in  its 
natural  bed,  it  is  fecure  from  alterations  in  quality,  which  clays  in  general  are 
fubjeft  to  undergo,  when  expoled,  for  a long  courfe  of  years,  to  the  joint  actions 
of  air  and  moilture.—  In  the  lawns  I made  ufe  of,  the  interfaces  were  each  lefs 
than  the  ioc,coo  part  of  an  inch. 
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1 lie  dry  clay  is  to  be  foftened,  for  ufe,  with  about  two  fifths 
of  its  weight  of  water  ; and  formed  into  fmall  pieces,  in  little 
moulds  of  metal,  fix-tenths  of  an  inch  in  breadth,  with  the 
hdes  pretty  exa&ly  parallel,  this  being  the  dimenfion  intended 
to  be  meafured,  about  four-tenths  of  an  inch  deep,  aild  one 
inch  long.  To  make  the  clay  deliver  eafily,  it  will  be  neceftary 
to  oil  the  mould,  and  make  it  warm. 

Thefe  pieces,  when  perfe&ly  dry,  are  put  into  another  iron 
mould  or  gage,  con  fitting  only  of  a bottom,  with  two  fides, 
five-tenths  of  an  inch  deep  ; to  the  dimenfions  of  which  fides 
the  breadth  of  the  pieces  is  to  be  pared  down. 

For  meafuring  the  diminution  which  they  are  to  fufter  from 
the  a&ion  of  fire,  another  gage  is  made,  of  two  pieces  of  brafs, 
twenty-four  inches  long,  with  the  fides  exa&ly  ttraight,  divided 
into  inches  and  tenths,  fixed  five  tenths  of  an  inch  afunder  at 
one  end,  and  three-tenths  at  the  other,  upon  a brafs  plate ; fo 
that  one  of  the  thermometric  pieces,  when  pared  down  in  the 
iron  gage,  will  juft  fit  to  the  wider  end.  Let  us  fuppofe  this 
piece  to  have  diminifhed  in  the  fire  one-fifth  of  its  bulk,  it  will 
then  pafs  on  to  half  the  length  of  the  gage  ; if  diminifhed 
two-fifths,  it  will  go  on  to  the  narroweft  end  ; and  in  any 
intermediate  degree  of  contraTion,  if  the  piece  be  flid  along 
till  it  refts  againft  the  converging  fides,  the  degree  at  which  it 
flops  will  be  the  meafure  of  its  contraction,  and  confequently 
of  the  degree  of  heat  it  has  undergone. 

I hefe  aie  the  outlines  of  what  appears  to  me  necefiary  for 
the  making  and  ufing  of  this  thermometer ; and  it  is  hoped, 
that  the  whole  procels  will  be  found  fufficiently  fimple,  and 
eafy  of  execution.  It  may,  neverthelefs,  be  proper  to  take 
notice  of  a few  minuter  circumftances,  and  to  mention 
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fome  obfervations  which  occurred  in  the  progrefs  of  the 
inquiry. 

I.  There  ought  to  be  a certainty  of  the  clay  being  eafily, 
and  at  all  times,  procurable  in  fufficient  quantity,  and  on  mo- 
derate terms.  That  this  is  the  cale  with  the  clay  here  made 
choice  of,  will  be  evident  to  every  one  acquainted  with  the 
natural  hiflory  of  Cornwall,  where  there  are  beds  of  this  clay, 
inexhauftible,  and  in  too  many  hands  to  be  monopolize:!.  If 
this  Ihould  not  prove  fat  is  factory,  the  author  offers  to  this 
illuftrious  Society,  and  will  think  himfelf  honoured  by  their 
acceptance  of,  a fufficient  fpace  in  a bed  of  this  clay  to  fupply 
the  world  with  thermometer-pieces  for  numerous  ages  ; and  he 
does  not  apprehend,  that  any  greater  inconveniences  can  arife 
to  foreign  artifts  or  philolophers,  from  their  being  fup- 
plied  with  clay  for  thefe  thermometers  from  this,  fpot  only, 
than  what  we  now  feel  from  being  fupplied  with  mercury 
for  the  common  thermometers  from  the  Spanifh  or  Hungarian 
mines. 

II.  We  ought  to  be  allured  alfo,  that  all  the  clay  made  ufe 
of  for  thefe  thermometers  is  perfe&ly  fimilar.  For  this  pur- 
pofe,  it  will  be  belt  to  dig  it  out  of  the  earth  in  confiderable 
quantity  at  once,  an  extent  of  fome  fquare  feet  or  yards  in 
area,  and  to  the  depth  of  fix  or  feven  yards  or  more  from  the 
furface,  and  to  mix  the  whole  thoroughly  together,  previous 
to  the  further  preparation  already  mentioned.  When  the  farfb 
quantity  is  exhaufted,  another  perpendicular  column  may  be 
dug  from  the  fame  bed,  clofe  to  the  farff,  to  the  fame  depth, 
and  prepared  in  the  fame  manner;  by  which  means  we  may  be 
allured  of  its  fimilarity  with  the  former  parcel,  and  that  it  will 
diminiffi  equally  in  the  fire. 
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III.  Th  is  clay,  dried  by  the  fummer  heat,  or  in  a mode- 
rately warm  room,  or  with  more  heat  before  a fire,  has  not 
been  obferved  to  differ  in  degree  of  drynefs.  After  being  fo 
dried,  it  lofes  about  a hundredth  part  of  its  weight  in  the  heat 
of  boiling  water,  about  as  much  more  in  that  of  melted  lead, 
and  from  thence  to  a red-heat  ten  parts,  in  all  -f  A-  Each  of 
thel'e  heats  loon  expels  from  the  clay  its  determinate  quantity 
of  matter,  chiefly  air ; after  which,  the  fame  heat,  though 
continued  for  many  hours,  has  no  further  effect.  I had  fome 
hopes,  that  the  graduation  of  the  common  thermometer  might 
be  continued,  upon  this  principle,  up  to  the  red-heat  at  which 
the  fhrinking  of  the  clay  commences,  fo  as  to  connect  the  two 
thermometers  together  by  one  feries  of  numbers  ; but  the  lots 
of  weight  appears  not  to  be  fufficiently  uniform  or  proportional 
to  the  degree  of  heat  to  anfwer  that  purpofe ; for  it  was  found 
to  go  on  quicker,  and  bladders  tied  to  the  mouths  of  the  veflels 
in  which  the  pieces  were  heated,  became  more  rapidly  diftended, 
at  the  commencement  of  rednefs  than  at  any  other  time.  From 
low  red-heat  to  a ftrong  one,  fuch  as  copper  melts  in,  the  lofs 
of  weight  was  only  about  two  parts  in  a hundred  ; though  the 
difference  between  thefe  two  heats  appears  to  be  much  greater 
than  what  the  lame  lofs  correfponds  to  in  the  lower  ffages. 
Alter  this  period,  the  decreafe  of  weight  intirely  cealcd. 

The  vapours  expelled  from  the  clay,  caught  feparatcly  in 
the  different  degrees  of  heat,  feemed,  from  the  few  trials 
made  with  them,  to  con  fill  ot  common  air  mixed  with  fixt 
air.  They  all  precipitated  lime-water ; that  which  was  firfl 
extiicated,  exceeding  weakly  ; the  others  more  and  more  confi- 
aerably ; but  the  lalf  not  near  lo  Ifrongly  as  the  air  expelled 
£rom  lime- hone  in  burning.  None  of  them  were  inflammable. 
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IV.  The  thermometric  pieces  may  be  formed  much  more 
expeditioufly  than  in  the  fingle  mould,  by  means  of  an  indru- 
ment  uled  for  fimilar  purpofes  by  the  potters.  It  confids  of  a 
cylindrical  iron  veffcl,  with  holes,  in  the  bottom,  of  the  form 
and  dimenlions  required.  The  loft  clay,  put  in  the  veflel,  is 
forced  by  a prefs  down  through  thefe  apertures,  in  long  rods, 
which  may  be  cut  while  mold,  or  broken  when  dry,  into 
pieces  of  convenient  lengths.  It  was  hoped,  that  this  method 
would  of  itfelf  have  been  diffident,  without  the  addition  of 
the  paring  gage,  making  proper  allowance,  in  the  lize  of  the 
holes,  for  the  fhrinking  of  the  clay  in  drying.  But  it  was 
found,  that  a variety  of  little  accidents  might  happen  to  alter 
the  fhape  and  dimenlions  of  the  pieces,  in  a fenfible  degree, 
while  in  their  foft  date  ; fo  that  it  will  be  always  fated  to  have 
recourfe  to  the  paring  gage,  for  aftertaining  and  adjuding  their 
breadth  when  perfectly  dry,  this  being  the  period  at  which  the 
pieces  are  exactly  alike  with  regard  to  their  future  diminithing ; 
fo  that  if  they  are  now  reduced  to  the  fame  breadth,  we  may 
be  fure  that  they  will  differ  equal  contractions  from  equal  de- 
grees of  heat  afterwards,  whether  they  have  been  made  in  a 
mould,  or  by  a prefs,  or  in  any  other  way  ; neither  is  any  varia- 
tion in  the  length  or  thicknefs  of  thefe  pieces  of  the  lead  con- 
fequence,  provided  one  of  the  dimenlions,  that  by  which  they 
are  afterwards  to  be  meafured,  is  made  accurate  to  the  gage. 

V.  It  will  be  proper  to  bake  the  pieces,  when  dry,  with  a 
low  red-heat,  in  order  to  give  them  fome  hrmnefs  or  hardnefs, 
that  they  may,  if  neceflary,  be  able  to  bear  package  and  car- 
riage ; but  more  efpecially  to  prepare  them  for  being  put  into 
an  immediate  heat,  along  with  the  matters  they  are  to  ferve  as 
meafures  to,  without  burdingor  flying,  as  vmburnt  clay  would 
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do.  We  need  not  be  felicitous  about  the  precife  degree  of 
heat  employed  in  this  baking,  provided  only  that  it  does  not 
exceed  the  loweft  degree  which  we  fhall  want  to  mealure  in 
practice ; for  a piece  that  has  buffered  any  inferior  degrees  of 
heat,  anfwers  as  well  for  meafuring  higher  ones  as  a piece 
which  has  never  been  expofed  to  fire  at  all.  In  this  part  of  the 
preparation  of  the  pieces,  it  may  be  proper  to  inform  the  ope- 
latoi  of  a circumstance,  which,  though  otherwife  immaterial, 
might  at  firft  difconcert  him : if  the  heat  is  not  in  all  of  them 
exaaiy  -equal,  he  will  probably  find,  that  while  fome  have 
begun  to  (brink,  others  are  rather  enlarged  in  their  bulk  ; for 
they  all  fwell  a little  juft  on  the  approach  of  rednefs.  As  this 
is  the  period  of  the  moft  rapid  produce  of  air,  the  extenfion 
may  perhaps  be  owing  to  the  air  having  at  this  moment  become 
e a ic  to  fuch  a degree,  as  to  force  the  particles  of  the  clay  a 
little  afunder  before  it  obtains  its  own  enlargement. 

VI.  Each  divifion  of  the  fcale,  though  fo  large  as  a tenth 

. an  lnch>  anfwers  to  T-hfth  part  of  the  breadth  of  the  little 
piece  of  clay.  We  might  go  to  much  greater  nicety,  either 
by  making  the  divifions  fmaller,  or  the  fcale  longer  ; but  it  is  not 
apprehended,  that  any  thing  of  this  kind  will  be  found  necef- 
lary  : and,  indeed,  in  proceeding  much  further  in  either  wav, 
we  may  poffibly  meet  with  inconveniences  fufficient  to  counter- 
a ance  the  apparent  additional  accuracy  of  meafurement. 

VII.  The  divifions  of  this  fcale,  like  thofe  of  the  common, 
thermometers,  are  unavoidably  arbitrary ; but  the  method  here 
propofed  appears  fufficiently  commodious  and  eafy  of  execu- 
tion, t e divifions  being  adjufted  by  meafures  everywhere 

nown,  and  at  ail  times  obtainable : for  however  the  inches 
ufed  in  different  countries  may  differ  in  length,  this  cannot 

affect 
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affect  the  accuracy  of  the  fcale,  provided  that  the  proportions 
between  the  wider  and  narrower  end  ol  the  gage  are  exactly  as 
five-tenths  of  thofe  inches  to  three-tenths,  and  the  length  240 
of  the  fame  tenths ; and  that  the  pieces  in  their  perfectly  dry 
hate,  before  firing,  fit  precifely  to  the  wider  end.  When  one 
gage  is  accurately  adjufted  to  thefe  proportional  measures,  two 
pieces  of  brafs  fhould  be  made,  one  fitting  exactly  into  one 
end,  and  the  other  into  the  other  : thefe  will  ferve  as  ftandards 
for  the  ready  adjuftment  of  other  gages  to  the  dimenfions  of 
the  original. 

By  this  Ample  method  we  may  be  allured,  that  thermome- 
ters on  this  principle,  though  made  by  different  perfons,  and 
in  different  countries,  will  all  be  equally  attested  by  equal  de- 
grees of  heat,  and  all  fpeak  the  fame  language : the  utility  of 
this  laft  circumftance  is  now  too  well  known  to  need  being 
in  filled  on. 

VIII.  If  a fcale  two  feet  in  length  fhould  be  reckoned  incon- 
venient, it  may  be  divided  into  two,  of  one  foot  each,  by 
having  three  pieces  of  brafs  fixed  upon  the  fame  plate ; the 
firft  and  fecond,  five-tenths  of  an  inch  apart  at  one  end,  and 
four-tenths  at  the  other ; the  fecond  and  third,  four-tenths  at 
one  end,  and  three-tenths  at  the  other  ; fo  that  the  firft  reaches 
to  the  1 20th  divifion,  and  the  fecond  from  thence  to  the 

240  th. 

IX.  As  this  thermometer,  like  all  others,  can  exprefs  only 
the  heat  felt  by  itfelf,  the  operator  muft  be  careful  to  expofe 
the  pieces  to  an  equal  action  of  the  fire  with  the  body 
whofe  heat  he  wants  to  meafure  by  them.  In  kilns,  ovens, 
reverberatories,  under  a muffle,  and  wherever  the  heat  is 
pretty  fteady  and  uniform,  the  means  of  doing  this  are  too 

T t 2 obvious 
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obvious  to  need  being  mentioned.  But  in  a naked  fire 

where  the  heat  is  neceffarily  mo:e  fluttering,  and  une- 

qua!_  m different  parts  of  the  fuel,  feme  precaution  will  be 
required. 

The  thermometer-piece  may  generally  be  put  into  the  cru- 
cible, along  with  the  fubjea-matter  of  the  experiment.  But 
Where  the  matter  is  of  fuel,  a End  as  to  melt  and  ftick  to  it 
the  piece  may  be  previoufly  inclofed  in  a little  cafe  made  of 
emu  e c ay.  The  imallnefs  of  the  pieces  will  admit  of  this 
eing  done  without  inconvenience,  at  ieaft  in  any  but  the 
imal  eft  crucibles,  as  the  pieces  themfelves  may  be  diminifhed 
to  any  fee  that  may  be  found  proper,  provided  only  that  one 
of  the  dimensions,  five-tenths  of  an  inch,  be  preferved,  as 

. For  the  v^y  imalleft  fort  of  crucibles,  the  cafe  may  be  put 
in  clofe  to  the  crucible,  fo  as  to  form  as  it  were  an  addition  to 
IS  bulk  on  the  outfide.  If  ,t  be  afked,  why  the  cafe  is.  not  always 
thus  put  in  by  the  fide  of  the  crucible  ? it  is  anfwered,  that  in 
ju  gmg  of  the  heat  of  large  crucibles  from  a thermometer- 
piece  placed  on  the  outfide  of  them,  we  may  fometimes  be 
eceived,  as  the  piece  m its  little  cafe  has  been  found  to  heat 
iooner  than  the  matter  in  the  larger  veffel ; but  in  /mail  ones, 

' he  crucible  and  cafe  are  nearly  alike  in  bulk,  there  is  little 
danger  of  error  from  this  caufe. 

X.  Thefe  thermometer-pieces  poffefs  fome  fingular  proper- 
ties which  we  could  not  have  expetted  to  find  united  in  any 
fubftance  whatever,  and  which  peculiarly  fit  them  for  J 
purpofes  they  are  here  applied  to. 

1.  When  baked  by  only  moderate  degrees  of  fire,  though 
they  are,  like  other  clays,  of  a porous  texture,  and  incite 
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water  ; yet,  when  faturated  with  the  water,  their  bulk  con- 
tinues exactly  the  fame  as  in  a dry  {late. 

2.  By  very  flrong  fire,  they  are  changed  to  a porcelain  or 
femi-vitreous  texture;  nev.erthelefs,  their  contra&ion,  on  fur- 
ther augmentations  of  the  heat,  proceeds  regularly  as  before, 
up  to  the  higheft  degree  of  fire  that  I have  been  able  to 
produce. 

3.  They  bear  fudden  alternatives  of  heat  and  cold;  may  be 
dropped  at  once  into  intenfe  fire,  and,  when  they  have  received 
its  heat,  may  be  plunged  as  fuddenly  into  cold  water,  wfithout 
the  leafl  injury  from  either. 

4.  Even  while  faturated  with  water  in  their  porous  {late, 
they  may  be  thrown  immediately  into  a white  heat,  without 
burfling  or  fuffering  any  injury. 

5.  Sudden  cooling,  which  alters  both  the  bulk  and  texture 
of  mofl  bodies,  does  not  at  all  affedl  thefe,  at  leafl  not  in 
any  quality  fubfervient  to  their  thermometric  ufes. 

6.  Nor  are  they  affedted  by  long  continuance  in,  but  folely  by,, 
the  degree  of  heat  they  are  expofed  to.  In  three  minutes  or 
lefs,  they  are  perfedlly  penetrated  by  the  heat  which  a£ts  upon 
them,  fo  as  to  receive  the  full  contraction  which  that  degree 
of  heat  is  capable  of  producing  equally  with  thofe  which  had 
undergone  its  aCtion  during  a gradual  increafe  of  its  force  for 
many  hours.  Strong  degrees  of  heat  are  communicated  to 
them  with  more  celerity  than  weak  ones : perhaps  the  heat 
may  be  more  readily  tranfmitted,  in  proportion  as  the  texture 
becomes  more  compaCl. 

Thefe  faCls  have  been  afcertained  by  many  experiments,  the 
particulars  of  which  are  omitted,  becaufe  they  would  fwelL 
this  paper  much  beyond  the  bulk  intended. 
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XI.  The  life  and  accuracy  of  tins  thermometer  for  mea- 
Turing,  after  an  operation,  the  degree  of  heat  which  the  matter 
has  undergone,  will  be  apparent.  The  foregoing  properties 
afford  means  of  meafuring  it  alfo,  eafily  and  expeditioufly, 
during  the  operation , fo  that  we  may  know  when  the  fire  is,  in- 
creafed  to  any  degree  previoufly  determined  upon.  The  piece 
may  be  taken  out  of  the  fire  in  any  period  of  the  procefs,  and 
dropped  immediately  into  water,  fo  as  to  be  fit  for  meafuring 
by  the  gage  in  a .few  feconds  of  time.  At  the  lame  infant, 
another  piece  may  be  introduced  into  the  place  of  the  former, 
to  be  taken  out  and  meafured  in  its  turn  ; and  thus  alternately, 
till  the  defired  degree  of  heat  is  obtained.  But  as  the  cold 
piece  will  be  two  or  three  minutes  in  receiving  the  full  heat, 
and  correfponding  contra&ion  ; to  avoid  this  lofs  of  time,  it 
may  be  proper,  on  fome  occafions,  to  have  two  or  more  pieces, 
according  to  convenience,  put  in  together  at  firff,  that  they 
may  be  fucceffively  cooled  in  water,  and  the  degrees  of  heat 
examined  at  fhorter  intervals.  It  will  be  unneceflary  to  fay 
any  thing  further  upon  precautions  or  procedures  which  the 
very  idea  ot  a thermometer  muff  fuggeft,  and  in  which  it  is 
not  apprehended  that  any  difficulty  can  occur,  which  every 
experimenter  will  not  readily  find  means  to  obviate. 

XII.  It  now  only  remains,  that  the  language  of  this  new 
theimometei  be  underffood,  and  that  it  may  be  known  what 
the  heats  meant  by  its  degrees  really  are.  For  this  purpofe  a 
gieat  number  ot  experiments  has  been  made,  from  which  the 
following  refults  are  fele&ed. 

The  fcale  commences  at  a red-heat,  fully  vifible  in  day- 
light ; and  the  greatefi;  heat  that  I have  hitherto  obtained  in 
my  experiments  is  1 6o°.  This  degree  I have  produced  in  an 
air-furnace  about  eight  inches  fquare. 

3 Mr. 
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Mr.  alchorne  has  been  fo  obliging  as  to  try  the  neceffary 
experiments  with  the  pure  metals  at  the  Tower,  to  afeertain  at 
what  degrees  of  this  thermometer  they  go  into  fnfion  ; and  it 
appears,  that  Swedifh  copper  melts  at  27?  filver  at  28,  and 
gold  at  32. 

Brafs  is  in  fufion  at  21.  Neverthelefs,  in  the  brafs  and  cop- 
per founderies,  the  workmen  carry  their  fires  to  140  ana  up  - 
wards : for  what  purpofe  they  fo  far  exceed  the  melting  heat, 
or  whether  fo  great  an  additional  heat  be  really  necehaiy,  1 
have  not  learnt. 

The  welding  heat  of  iron  is  from  90  to  95  ; and  the  greatefb 
heat  that  could  be  produced  in  a common  fmith’s  forge  125. 

Caff  iron  was  found  to  melt  at  130°,  both  in  a crucible  in  my 
own  furnace,  and  at  the  foundery  ; but  could  not  be  brought  into 
fufion  in  the  fmith’s  forge,  though  that  heat  is  only  50  lower. 
The  heat  by  which  iron  is  run  down  among  the  fuel  for  calling 

is  150°. 

As  the  welding  {fate  of  iron  is  a foftening  or  beginning 
fufion  of  the  furface,  it  has  been  generally  thought  that  call 
iron  would  melt  with  much  lefs  heat  than  what  is  neceflary  foi 
producing  this  effedl  upon  the  forged;  whereas,  on  the  con- 
trary, call  iron  appears  to  require,  for  its  fufion,  a heat  exceed- 
ing the  welding  heat  35  or  40°,  which  is  much  more  than  the 
heat  of  melted  copper  exceeds  the  lowefi  vilible  rednefs. 

Thus  we  find,  that  though  the  heat  for  melting  copper  is  by 
fome  called  a white  heat,  it  is  only  2 f of  this  thermometer. 
The  welding  heat  of  iron,  or  qo%  is  likewife  a white  heat; 
even  1 30°,  at  which  call  iron  is  in  fufion,  is  no  more  than  a- 
white  heat ; and  fo  on  to  1 6o°  and  upwards  is  all  a white  heat 
{fill. This  {hews  abundantly  how  vague  fuch  a denomination  muff 

be,,  and  how  inadequate  to  the  purpofe  of  giving  us  any  clear 

ideas- 
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ideas  or  the  extent  of  what  we  have  been  accuffomed  to  con- 
iider  as  one  of  the  three  divifions  of  heat  in  ignited  bodies. 

A Hefiian  crucible,  in  the  iron  foundery,  viz*  about  i ^o°, 
melted  into  a flag-like  fu bifan ce.  Soft  iron  nails,  in  a Hef- 
lian crucible  in  my  own  furnace,  melted  into  one  mafs  with 
the  bottom  of  the  crucible,  at  1540 : the  part  of  the  crucible 
above  the  iron  was  little  injured. 

Th e finding  heat  of  the  glafs  furnaces  I examined,  or  that  by 
which  the  pei  fe£t  vitrification  of  the  materials  is  produced,  was 
at  one  of  them  1 1 40  for  flint-glafs,  and  124°  for  plate-glafs  ; 
at  another  it  was  only  yo°  for  the  former,  which  Ihews  the 
inequality  of  heat,  perhaps  unknown  to  the  workmen  them- 
felves,  made  ule  of  for  the  lame  purpofe.  After  complete 
vitrification,  the  heat  is  abated  for  fome  hours  to  28  or  29°, 
which  is  called  the  fettling  heat ; and  this  heat  is  fufficient  for 
keeping  the  glals  in  fufion.  The  fire  is  afterwards  increafed, 
for  working  the  glals,  to  what  is  called  the  working  heat;  and 
this  I found,  in  plate-glafs,  to  be  570. 

Delft  waie  is  fired  by  a heat  of  40  or  41 0 ; cream-coloured, 
or  Queen’s  ware,  by  86° ; and  Hone  ware,  called  by  the  French 
pots  de  gres , by  102°:  by  this  ftrong  heat,  it  is  changed  to  a 
true  porcelain  texture.  The  thermometer-pieces  begin  to 
acquire  a porcelain  texture  about  no°. 

The  above  degrees  of  heat  were  afcertained  by  thermometer- 
pieces  fired  along  with  the  ware  in  the  refpeftive  kilns.  But 
tins  thermometer  affords  means  of  doing  much  more,  and 
going  funner  in  thefe  meafures  than  I could  at  firft  even  have 
expedfed ; it  will  enable  us  to  alcertain  the  heats  by  which 
many  of  tne  porcelains  and  earthen  wares  of  diffant  nations 
and  different  ages  have  been  fired  : for  as  burnt  clay,  and  com- 
petitions in  which  clay  is  a prevailing  ingredient,  fuffer  no 

diminution 
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diminution  of  their  bulk  by  being  re-pafled  through  degrees  of 
heat  which  they  have  already  undergone,  but  are  diminifhed 
by  any  additional  heat  (according  to  Obf.  V.),  if  a fragment 
of  them  be  made  to  fit  into  any  part  of  the  gage,  and  then 
fired  along  with  a thermometer-piece  till  it  begins  to  diminifh* 
the  degree  at  which  this  happens  points  out  the  heat  by  which 
it  had  been  fired  before.  Of  feveral  pieces  of  ancient  Romd« 
and  Etrufcan  wares,  which  I have  examined,  none  appear  to 
have  undergone  a greater  heat  than  32°,  and  none  lets  than 
200  ; for  thev  all  began  to  dkninifh  at  thole  or  the  intermediate 

7 J O 

degrees. 

By  means  of  this  thermometer  feme  interefling  properties  of 
natural  bodies  may  likewife  be  difeovered  or  more  accurately 
determined,  and  the  genus  of  the  bodies  afeertained.  Jafper, 
for  inftance,  is  found  to  diminifh  in  the  fire,  like  an  artificial 
mixture  of  clay  and  filiceous  matter  ; granite,  on  the  contrary, 
has  its  bulk  enlarged  by  fire,  whilft  flint  and  quartzefe  flones 
are  neither  enlarged  nor  diminifhed.  Thefe  experiments  were 
made  in  fires  between  70  and  8o°  of  this  thermometer.  A fuf- 
ficient  number  of  fads  like  thefe,  compared  with  each  other, 
and  with  the  properties  of  fucli  natural  or  artificial  bodies  as 
we  wifh  to  find  out  the  compofition  of*  may  lead  to  various 
difeoveries,  of  which  I have  already  found  fome  promifing 
appearances ; but  many  more  experiments  are  wanting  to  ena- 
ble me  to  fpeak  with  that  certainty  and  precifion  on  thefe 
fubjeds  which  they  appear  to  deferve. 

A piece  of  an  Etrufcan  vafe  melted  completely  at  33  ; 
pieces  of  fome  other  vafes  and  Roman  ware  about  36°;  Wor* 
cefler  china  vitrified  at  940 ; Mr.  sprimont’s  Chelfea  china 
atio5°;  the  Derby  at  1 1 2° ; and  Bow  at  12 1°;  but  Briftol  china 
flie wed  no  appearance  of  vitrification  at  1350.  The  common  fort 
Vol.  LXX1L  U u of 
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of  Chinefe  porcelain  does  not  perfectly  vitrify  by  any  fire  I 
could  produce;  but  began  to  foften  about  120°,  and  at  156° 
became  fo  foft  as  to  fink  down,  and  apply  itfelf  clofe  upon  a 
very  irregular  fur  face  underneath.  The  true  ftone  Nankeen, 
by  this  ftrong  heat,  does  not  foften  in  the  leaf; ; nor  does  it 
even  acquire  a porcelain  texture,  the  unglazed  parts  continuing 
m fuch  a date  as  to  imbibe  water  and  flick  to  the  tongue.  The 
Drefden  porcelain  is  more  refractory  than  the  common  Chinefe, 
out  not  equally  fo  with  the  ftone  Nankeen.  The  cream- 
coloured  or  Queen’s  ware  bears  the  fame  heat  as  the  Drefden, 
and  the  body  is  as  little  affeCted  by  this  intenfe  degree  of  fire. 

Mr.  pott  fays,  that  to  melt  a mixture  of  chalk  and  clay  in 
certain  proportions,  which  proportions  appear  from  his  tables 
to  be  equal  parts,  is  “ among  the  mafter-pieces  of  art.”  This 
mixture  melts  into  a perfect  glafs  at  123°  degrees  of  this  ther- 
mometer. 

I he  whole  of  Mr.  pott’s  or  any  other  experiments  may, 
by  lepeating  and  accompanying  them  with  thefe  thermometric 
pieces,  have  their  refpeCtive  degrees  of  heat  afcertained,  and 
thereby  be  rendered  more  intelligible,  and  ufeful,  to  the  reader, 
the  experimenter,  and  the  working  artift. 

I flatter  myfelf  that  a field  is  thus  opened  for  a new  kind  of 
■:  hcrmometncal  inquiries  ; and  that  we  fha.ll  obtain  clearer  ideas 
with  legard  to  the  differences  of  the  degrees  of  ftrong  fire,  and 
rheir  correfponding  effe&s  upon  natural  and  artificial  bodies  ; 
thofe  degrees  being  now  rendered  accurately  meafurable,  and 
comparable  with  each  other,  equally  with  the  lower  degrees  of 
heat  which  are  the  province  of  the  common  mercurial  thermo- 
meter. 
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APPENDIX. 

ANALYSIS  OF  THE  CLAY  OF  WHICH  THE  THERMOMETRIC 

PIECES  ARE  FORMED. 

THIS  clay  makes  no  eftervefcence  with  acids.  Diluted  ni- 
trous and  marine  acids  being  boiled  upon  it,  and  afterwards 
faturated  with  fixed  alkali,  no  precipitation  or  turbidnefs  ap- 
peared. It  therefore  contains  no  calcareous  earth,  as  that  earth 
would  have  been  diflolved  by  the  acids,  and  precipitated  from 
them  by  the  alkali. 

Calcined  with  powdered  charcoal,  it  contracted  no  iul- 
phureous  fmell,  and  the  acids  had  no  more  action  upon  it  than 
before.  It  therefore  contains  no  gypfeous  matter,  or  combi- 
nation of  calcareous  earth  with  vitriolic  acid;  as  that  acid 
would  have  formed  fulphur  with  the  inflammable  principle  of 
the  charcoal,  and  left  the  calcareous  earth  pure,  or  in  a ftate 
of  folubilityby  acids. 

Some  of  the  clay  was  calcined  with  an  equal  weight  of  fait 
of  tartar,  which,  for  the  greater  certainty  in  regard  to  its 
purity,  had  been  run  per  deliquium , and  afterwards  evaporated 
to  drynefs.  The  calcined  mixture  was  boiled  in  water,  the 
filtered  liquor  {lowly  evaporated,  and  buffered  to  cool  at  inter- 
vals. No  cryftallization  was  formed  : the  dry  fait  appeared 
merely  alkaline  as  at  firff,  and  deliquiated  in  the  air  ; a further 
proof  that  this  clay  contains  no  gypfeous  matter  ; for  the  vitri- 
olic acid  would  have  been  abforbed  by  the  alkali,  and  formed 
vitriolated  tartar,  a fiilt  which  neither  liquefies  in  the  air, 
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nor  diffolves  eafily  in  water,  and  which  therefore  would  have 
cryftallized  long  before  the  alkali  became  dry,  or  remained 
after  its  deliquiation. 

A twentieth  part  of  gypfum,  ground  with  clay,  was  very 
diftinguifhable  by  both  the  foregoing  procefles ; producing  a 
lulphureous  fmell,  and  calcareous  earth  by  calcination  with 
charcoal  powdei  ; and  cryftals  of  vitnolated  tartar  by  calcina- 
tion with  the  fame  alkaline  fait. 

To  feparate  the  pure  argillaceous  part,  or  that  matter  which; 
in  all  clays  forms  alum  with  the  vitriolic  acid,  240  grains  of 
this  clay  were  thoroughly  moiftened  with  oil  of  vitriol,  boiled 
to  dr\ nefs,  and  at  laft  made  nearly  red-hot.  The  mixture  was 
then  boiled  in  water ; the  earth  which  remained  undiftblved 
Avas  treated  again  in  the  fame  manner  with  vitriolic  acid,  and 
this  opeiation  repeated  five  or  fix  times.  The  clay  was  dimi- 
nifhed  in  the  firf f operation  about  70  grains  ; but  dels  and  lefs  in 
the  fucceeding  ones,  and  in  the  laft  fcarcely  two  grains.  The 
filtered  liquors  yielded  cryftals  of  true  alum  ; but  its  quantity 
was  not  examined,  as  the  produce  of  alum  from  aluminous 
earth  is  already  fufficiently  known,  and  the  quantity  of  alu- 
minous earth  itfelf,  or  its  proportion  to  the  indiffoluble  earth, 
was  here  the  objech  From  the  240  grains  of  clay  there  re- 
mained in  one  experiment  98,  and  in  another  95  grains  of 
indiffoluble  earth  ; fo  that  five  parts  of  this  clay  confift  of 
three  parts  of  pure  argillaceous  or  alum  earth,  and  two  parts 
of  an  earth  of  a different  kind. 

With  refpeft  to  the  nature  of  this  laft  earth,  it  is  eafier  to 
deteimine  negatively  what  it  is  not,  than  pofitively  what  it  is ; 
but  afcei  taming  the  former  will  be  a great  ftep  towards  the 
difcovery  of  the  latter. 
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That  it  is  not  calcareous,  g^pfeous,  or  argillaceous,  is  ma- 
nifeft  from  the  experiments. — It  is  not  jafper  ; as  this  confifts, 
in  great  part,  of  argillaceous  earth,  which  would  have  been 
extrabled  by  the  vitriolic  acid. — It  is  not  fluor;  as  this,  by  the 
fame  acid,  would  have  been  decompofed,  its  own  acid  expelled, 
and  a gypfeous  earth  left. — It  is  not  of  the  micaceous  kind  ; as 
the  peculiar  afpebt  of  thefe  earths  would  readily  betray  them 
to  the  eye. — It  is  not  granite;  for  ftrong  fire,  which  granite, 
melts  in,  has  no  effebt  upon  this. 

Nor  is  there  any  known  kind  of  earth  to  which  it  is  in  any 
degree  fmilar,  except  thole  of  the  filiceous  order ; and  with 
thele  it  perfebtly  agrees  in  all  the  properties,  I am  acquainted 
with,  that  they  poffefs  in  a fate  of  powder. 

It  does  not  vitrify  or  foften  with  pure  clay,  in  the  frongef 
fire  I have  been  able  to  produce.  Nor  is  it  difpofed  to  melt 
with  the  matter  of  Hefiian  crucibles ; for  a little  of  it  rubbed 
on  the  infide  of  a crucible,  and  urged  with  frong  fire,  conti- 
nued white,  powdery,  and  unaltered.  Thirty  grains  of  this 
earth  were  mixed  with  an  equal  weight  of  dry  foflil  alkali, 
and  the  fame  quantity  of  a fine  white  quartzy  find  was  mixed 
with  the  fame  proportion  of  the  lame  alkali : the  two  mixtures 
were  put  into  two  fmall  crucibles,  which  were  furrounded 
with  find  in  a larger  one,  that  both  might  be  expoied  to  an 
equal  heat.  They  both  began  to  melt  at  the  fame  time  ; and 
at  about  8o°  of  the  thermometer  they  had  formed  pertebl 
tranfparent  glades.. 

Though  thefe  properties  may  not,  perhaps,,  be  thought  fuf- 
ficient  of  themfelves,  for  determining  with  certainty  that  this 
lubfi ance  is  of  the  filiceous  kind  ; yet,  when  joined  to  the  ne- 
gative proofs,  of  its  not  belonging  to  any  other  known  order 
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ot  earthy  bodies,  they  afford  the  fulleft  evidence  which  the 
nature  of  the  fubjed  can  admit  of,  that  die  indiffolubie  part 
of  this  clay  is  truly  filiceous ; and  confequently  that  the  clay 
confiffs  of  two  parts  of  pure  filiceous  .earth,  to  three  parts  of 
pure  argillaceous  or  aluminous  earth. 
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TO  SIR  JOSEPH  BANKS,  BART.  F.  R.  S.. 


DEAR  SIR, 


Birmingham, 
0£t.  1,  1781. 


1HAVE  the  pleafure  to  lay  before  you  an  analyfis  of  two- 
mineral  fubftances  by  Dr.  withering  of  Birmingham, 
whole  accuracy  in  proceffes  of  this  kind  will,  I doubt  not, 
give  you  and  the  members  of  the  Royal  Society  great  fatif*- 
faflion. 

It  may,  perhaps,  throw  fome  additional  light  on  the  fubjeft 
©f  thefe  foffils  to  inform  you,  that  the  Rowley-rag  appears-, 
by  its  texture  before  and  after  fufion,  and  alfo  by  the  quantity 
and  quality  of  the  air  which  it  yields  in  fulion,  to  be  the  fame 
thing  with  the  bafaltes  with  which  you  have  favoured  me  from. 
Scotland ; and  that  the  Toad-ftone,  treated  in  the  fame  man- 
ner, appears  (after  the  calcareous  part  has  been  diffolved  out  of 
it)  to  referable  lome  of  the  lpecies  of  lava,  except  that  it  yields 
much  more  air.  As  Dr.  withering  has  fent  Ipecimens  of  the 
foffils  in  their  natural  fate,  I thought  it  might  not  be  amifs  to 
prefent  along  with,  them  the  glajjy  fubfta?ices  into -which  they 
^re  reduced  by  fulion. 

] am,  with  the  greateft  refpect,  See. 
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to  DR.  PRIESTLEY, 

S I Iv 9 ...  Birmingham, 

March  2 S,  1782. 

I NOW  lend  you  the  remits  of  my  examination  of  the 
1 oad-done  and  the  Rowley- rag-flone ; being  part  of  a plan 
wiiieh  I have  long  lince  formed  for  a chemical  analyfis  of  all 
the  iubftanccs  that  are  known  to  exid  in  the  earth  in  large 
quantitv. 

X <J 

Some  years  ago  I tranfmitted  to  the  Royal  Society  an  analyfis 
of  the  different  marles  found  in  Staffordfhire,  which  they  did 
fne  the  honour  to  infert  in  their  Tranfa&ions  ; if  they  think 
thefe  papers  likewife  worth  their  adoption,  f {hall  fend  them 
the  remits  of  my  future  inquiries. 

In  the  conrfe  ot  experiments  which  this  fubjeft  has  led  me 
to,  1 found  it  convenient  to  form  fome  new  tables,  and  to  en- 
large fome  that  were  lefs  completely  formed  before.  Thefe 
tables  will  be  ufeful  in  other  branches  of  chemical  inquiry. 
One  of  them  I fubjoin  to  the  prefent  papers.  The  fads  taken 
from  M.  macq^jer  are  marked  with  an  m ; thofe  with  the  * 
are  tiie  confequeiice  of  my  own  experiments. 

In  order  to  lave  much  repetition  in  future,  it  may  not  be 
amifs  to  mention,  once  for  all,  a few  particulars  in  the  condudl 
of  thefe  proceffes. 

1 If,  By  •water , is  always  meant  water  diddled  in  glafs  vel* 
Ids,  or  by  means  of  a large  tin  refrigeratory  in  Mr.  irwin’s 
method. 

adly.  Only  glafs  or  chilla  velTels  are  ufed  in  the  liquid 
precedes. 

qdly,  By  a mortar  I mean  thofe  excellent  ones  made  by 
Mr.  wedgewood  ; or,  as  will  be  fpecihed  at  the  time,  a deel 

mortar 
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mortar  tempered  fo  hard  that  it  will  bear  the  grinding  of  ena- 
mel in  it  without  difcolouration. 

4thly,  Filtres  are  never  employed,  it  being  found  impoflible 
to  get  the  quantities  accurate  where  they  are  ufed.  The  pow- 
dery parts  are  allowed  to  fubflde  until  the  fupernatant  liquor 
becomes  clear.  This  fometimes  requires  days  or  weeks  ; but  1 
am  ignorant  of  a better  method.  By  giving  the  veffels  a cir- 
cular motion  round  their  axes,  I can  greatly  facilitate  the  fub- 
liding  of  the  folid  contents.  If  the  feparating  veffels  are  made 
like  a common  tart-difh,  with  a fpreading  border,  the  liquors 
may  be  poured  off  very  near,  without  difturbing  the  fediments. 

5thly,  Phlogifticated  alkaly  means  the  vegetable  fixed  alkaly 
prepared  by  the  deflagration  of  nitre  and  cryftals  of  tartar  dif- 
folved  in  water,  and  boiled  with  Pruffian  blue  in  fuch  quantity 
that  it  will  not  any  longer  precipitate  an  earth  from  an  acid. 

I remain,  &c. 

W.  WITHERING. 

R O W L E Y - R A G. 

THE  ffone  which  is  the  fubjed  of  the  following  expe- 
riments forms  a range  of  hills  in  the  fouthern  part  of 
Staffordfhire.  The  lime-ftone  rocks  at  Dudley  bed  up  againft 
it,  and  the  coal  comes  up  to  the  furface  againft  the  lime-ftone* 
The  higheft  part  of  the  hills  is  near  the  village  of  Rowley. 
The  fummit  has  a craggy,  broken  appearance,  and  the  fields 
on  each  fide  to  a confiderable  diftance  are  fcattered  over  with 
large  fragments  of  the  rock,  many  of  which  are  funk  in  the 
ground.  In  a quarry  near  Dudley,  where  a pretty  large  open- 
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ing  has  been  made  in  order  to  get  materials  for  mending  the- 
roads,  the  rock  appears  to  be  compofed  of  mafles  of  irregular 
rhomboidal  figures : fome  of  thefe  mafles  inclofe  rounded  peb- 
bles of  the  fame  materials.  At  the  diftance  of  four,  five,  or 
fix  miles  from  the  hills,  as  at  Billion,  Willenhall,  and  Wed- 
nefbury,  the  Rag-ftone  is  frequently  found  fome  feet  below 
the  fur  face  in  rhomboidal  pieces,  forming  an  horizontal  bed 
of  no  great  depth,  and  feldom  of  more  than  a few  yards  ex- 
tent. Over  the  whole  of  this  tradl  of  country  it  is  ufed  to 
mend  the  roads,  arid  lately  has  been  carried  to  Birmingham  to 
pave  the  ftreets.  Some  people  fell  it  in  powder,  as  a fubftitute 
for  emery  in  cutting  and  polifhing. 

MORE  OBVIOUS  PROPERTIES. 

Its  appearance  dark  grey,  with  numerous  minute  fhinlng 
cryftals.  When  expofed  to  the  weather  gets  an  ochry  colour 
on  the  outride ; ft r ikes  fire  with  fteel ; cuts  glafs  ; melts, 
though  not  earily,  under  the  blow-pipe.  Heated  in  an  open 
fire  becomes  magnetic,  and  lofes  about  3 in  100  of  its  weight. 

EXPERIMENT  S* 

A.  After  three  drams  had  been  broken  to  fmallpieces  with  a 
hard  fteel  hammer,  upon  a plate  of  the  fame  metal,  it  was 
ground  to  an  impalpable  powder  in  one  of  Mr.  wedgewood’s 
China  mortars.  I he  mortar,  which  had  been  previoufly 
weighed,  loft  only  one-third  of  a grain  weight  during  this 
operation. 

B.  This  pow^der  was  repeatedly  wafhed  with  pure  water,  fo 
as  to  carry  oft  all  the  finer  parts,  and  the  coarfer  ground  again, 

until 
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until  the  whole  was  wafhed  away.  The  warnings  were  then 
filtered,  and  the  powder  carefully  collected  and  dried.  The 
water  employed  in  the  wafhings  did  not  appear  to  have  diffolved 
any  part  of  the  ftone ; for  no  precipitate  was  formed  either 
upon  the  addition  of  mild  fixed  alkalv,  or  of  fiver  difiblved  in 
the  nitrous  acid. 

C.  100  parts  of  this  powder  were  put  into  a fmall  mattrafs, 
and  covered  with  marine  acid  : a degree  of  heat , was  excited, 
and  a very  fight  effervefcence  took  place.  Water  was  then 
added,  and  the  mixture  kept  boiling  for  half  an  hour.  The 
liquor  was  decanted  off,  and  more  acid  added,  which  was  boiled 
as  before.  This  was  decanted,  and  the  reiiduum  wafhed  with 
water  until  the  water  came  off  taffelefs.  Thefe  waters  were 
added  to  the  liquors  before  decanted.  The  powder  had  now 
an  afh-coloured  appearance,  and  when  dried  weighed  80 

To  the  liquors  (C)  phlogifticated  fixed  alkaly  was  added, 
until  no  more  Prufliati  blue  was  precipitated.  To  eftebt  this 
it  took  one  ounce,  five  drams,  and  twelve  grains  of  the  phlo- 
gifticated alkaly.  The  precipitate,  when  wafhed  and  dried, 
weighed  47. 

E.  The  powder  of  80 \ (C)  mixed  with  twice  its  weight  of 
foffile  fixed  alkaly,  was  put  into  a black  lead  crucible,  and  ex- 
pofed  to  a red-heat  for  two  hours.  The  heat  was  never  iuffi- 
cient  to  render  the  mals  fluid,  nor  to  make  it  adhere  firmly  to 
the  crucible.  The  faline  part  waS  then  wafhed  away  by  re- 
peated effufions  of  hot  water.  To  the  remaining  powder 
marine  acid  was  added  repeatedly,  and  boiled  as  before.  The 
powder  was  now  perfectly  edulcorated  by  hot  water,  and  when 
dry  weighed  47  f. 

The  above  liquors  were  all  added  to  the  liquor  (C),  and  plilo- 
rifficated  fixed  alkaly  was  dropped  in,  until  no  more  Prufiian 
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blue  was  precipitated.  To  effect  this,  half  an  ounce  of  the 
alkaly  was  required.  This  precipitate  weighed  19  ; fo  that 
the  whole  of  the  Pruffian  blue  weighed  66.  After  calcination 
in  a crucible  it  was  reduced  to  3 1 i,  and  was  then  wholly 
attracted  by  a magnet. 

b . Mild  fixed  alkaly  was  now  gradually  added  to  the  liquors 
after  the  reparation  of  the  Pruffian  blue,  and  a white  powder 
was  piecipitated.  1 his  powder,  when  well  waffied  and  dried, 
weighed  46 1.  After  being  expofed  to  a low  red-heat  for  ten 
minutes,  it  weighed  only  32!. 

G.  The  edulcorated  powder  (E)  was  now  perfectly  white ; 
was  not  acted  upon  either  by  the  vitriolic,  nitrous,  or  marine 
acids,  but  readily  melted  into  a glafs  with  foffile  fixed  alkaly ; 
during  the  melting  an  effervefcence  took  place. 

H.  The  white  powder  (F)  readily  diflblved  in  diluted  vitriolic 
acid,  and  under  a flow  evaporation  formed  cryftals  which  had 
the  appearance  and  the  tafte  of  allum. 

Thefe  cryflals  were  then  reduced  to  powder,  and  boiled  in 
alcohol.  The  alcohol  was  decanted  off,  but  did  not  appear  to 
have  diflblved  any  part  of  the  powder;  nor  did  it  afford  any 
precipitate  upon  the  addition  of  mild  fixed  alkaly. 


CONCLUSIONS. 

From  thefe  experiments  it  appears,  that  the  Rowley-rag- 
Tone  confifts  of  iiliceous  earth,  clay,  or  earth  of  allum,  and 
calx  of  iron.  From  the  latter  muff  be  deducted  nf  for  the 
quantity  of  calciform  iron,  found  by  experiment  to  be  con- 
tained in  the  quantity  of  phlogifticated  alkaly  made  ufe  of, 

and  then  the  proportions  in  10.0  parts  of  the  ftone  will  be 
thefe  r 
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Pure  filiceous  earth  - 47 \ 

Pure  clay,  free  from  fixable  air  32I 
Iron  in  a calciform  hate  - 20 


100 

From  this  view  of  the  component  parts  of  this  hone,  it  is 
not  improbable,  that  it  might  advantageouflv  be  ufed  as  a flux 
for  calcareous  iron  ores.  The  makers  of  iron  are  acquainted 
with  fuch  ores  ; but  never  could  work  them  to  advantage,  for 
want  of  a cheap  and  efficacious  flux. 


TOAD-STONE. 

FROM  Derby  (hire  ; fent  to  me  by  Mr.  whitehurst,  who 
has  fo  fully  and  fo  accurately  deferibed  the  mode  of  its  {Ratifi- 
cation, that  it  is  needlefs  to  enlarge  upon  that  fubjedh 

MORE  OBVIOUS  PROPERTIES. 

Of  a dark  brownifh  grey,  a granulated  texture  ; with  feveral 
cavities  filled  with  cryhalhzed  {par.  It  does  not  hiikt  fnc 
with  heel.  It  melts  to  a black  glals. 

E'  X P E R r M E N T 3. 

A.  ioo  parts  rubbed  to  an  extremely  fine  powder  in  a china 
mortar,  and  boiled  in  marine  acid  ; the  folution  was  decanted  : 
the  undiffolved  part,  after  proper  walhing  and  drying,  weighed 

71- 
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B.  The  undififolved  part  was  rubbed  with  twice  its  weight 
of  mild  fofiil  alkaly,  and  then  expofed  to  a red’  heat  in  a black 
lead  crucible  for  one  hour. 

C.  This  mixed  mafs  was  reduced  to  powder,  and  repeatedly 
boiled,  firfl  in  marine,  afterwards  in  ftrong  vitriolic  acid  : the 
rcfiduum  now  weighed  56,  and  was  perfectly  white. 

D.  i lie  liquors  of  exp.  A.  and  C.  being  put  all  together, 
piiiOgiicicateci  fixed  aikaly  was  added  until  no  further  precipi- 
tation eniued.  This  precipitate  was  a Prufiian  blue,  which, 
when  wafhed  and  dried,  weighed  36  ts0 . 

Atici  expolure  to  a led-heat  in  a crucible  for  fortv  minutes, 
it  weighed  only  29,  and  was  wholly  attracted  by  the  magnet. 

i\o\v  the  2 oz.  5 dr.  and  32  gr.  of  phlogifticated  fixed 
alkaly  ufied  in  this  experiment  contain  13  gr.  of  calciform  iron, 
as  afeertained  by  a leparate  trial ; therefore,  deducing  13  from 

29,  we  have  16  for  the  quantity  of  calciform  iron  obtained 
from  the  itone. 

E.  The  earthy  parts  were  next  precipitated  from  the  liquors 
by  the  addition  of  mild  fofiil  alkaly.  The  precipitate,  when 
perfectly  edulcorated  and  dried,  weighed  29  ri. 

F.  Difiilled  vinegar  was  added  to  this  powder,  and  fuffered 
to  ftand  in  a cool  place  for  four  hours;  the  vinegar  was  poured 
ori,  and  the  refiduum  repeatedly  wafhed  with  pure  water.  To 
theie  liquors  mild  fixed  alkaly  was  added,  and  a white  precipi- 
tate fubfided,  which,  when  wafhed  and  dried,  weighed  7 s_. 

G.  To  the  refiduum  (F)  dilute  vitriolic  acid  was  added  : a 
folution  took  place,  which  folution,  by  evaporation  and  cry- 
firallization,  yielded  allum. 

H.  The  part  of  the  refiduum  (F)  undiflblved  by  the  vitriolic 
acid  was  boiled  in  nitrous  acid,  in  marine  acid,  and  in  aqua 
iregia,  without  being  diminifhed  ; the  weight  of  it  when  dried 
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was  7 , -o*  R could  not  be  fufed  by  the  greater  heat  of  a blow- 
pipe, but  melted  into  a glafs  when  mixed  with  calcareous 
earth. 

I.  The  undiflolved  part  (exp.  C.)  was  not  fufible  by  itfelf ; 
nor  was  it  atled  on  by  vitriolic,  nitrous,  or  marine  acid.  It 
melted  into  a glafs  with  foffil  alkaly. 

K.  The  precipitate  of  7_s_  (exp.  F.)  after  a fufficient  expo- 
fure  to  heat  was  put  into  an  ounce  of  water  : the  next  morning 
the  water  had  a pellicle  upon  its  furface,  and  tailed  like  lime- 
water. 


Hence  it  appears,  that  ico  parts  of  this  fpecimen  of  Toad- 
Hone  contained 


From  the  addition  of  i Tl0-  of  weight  it  is  probable,  that  the 
fubHances  capable  of  uniting  with  fixable  air  were  not  in  the 
fpecimen  ufed  fully  faturated  with  -it,  as  they  wrould  be  after 


Upon  repeating  thefe  experiments  with  different  portions  of 
the  Toad-Hone,  the  quantities  of  the  calcareous  earth  were 
found  to  differ  a little ; but  nothing  further  appeared  to  invali- 
date the  general  conclufions. 


CONCLUSIONS. 


C.  Siliceous  earth  . 

H.  More  ditto 

D.  Calciform  iron 

F.  K.  Calcareous  earth 

G.  H.  Earth  of  allum 


ioi  * 


their  precipitation  by  the  mild  alkaly. 
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A Ta  BLE  Ihewing  the  Solubility  or  Infolubility  of  certain  Saline  Subftances  in  Alcohol. 
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XXI.  New  Fundamental  Experiments  upon  the  CoHifion  of 
Bodies.  By  Mr.  John  Smeaton,  F.  R.  S.  in  a Better  to  Sir 
Jofeph  Banks,  Bart.  P.  R.  S. 

Read  April  18,  1782. 

TO  SIR  JOSEPH  BANKS,  BART*  P.  R.  S. 

3 I R, 

THE  fubj'efts  of  the  inclofed  tract  have  been  the  obj‘e£t  of 
my  confideration  for  many  years  paft ; and  as  they  con- 
tain forne  matters  that  have  not  only  been  varioufly  reafoned 
about,  but  varioufly  concluded  upon  ; if  what  is  contained 
therein  fh all  appear  of  fuch  a nature  as  either  to  eftablifh  truth, 
as  it  appears  to  me ; or  to  prompt  fome  more  able  perfon,  in 
reviewing  the  fubj'eft,  to  lhew  what  links  in  my  chain  of  rea- 
foning  thereon  are  defective,  fo  as  to  eftablifh  the  whole 
doctrine  of  moving  bodies  upon  one  plain  confident  balls,  my 
end  will  be  equally  anfwered  in  offering  them  to  you,  to  be  laid 
before  the  Royal  Society,  in  cafe  you  lhall  think  that  the  im- 
portance of  the  iubjeft  fhall  merit  the  fame : furthermore, 

I hope  to  be  forgiven,  if  in  fome  parts  of  this  paper  I have 
exprelfed  myfelf  with  more  pointednefs  than  I might  have 
done,  for  I declare,  that  it  was  folely  owing  to  my  earned.  - 
nels  that  the  lubj'ecl  of  mechanic  mptions  and  powers  fhould 
be  fully  and  freely  inveffigated,  and  efbablifhed  upon  grounds 
that  fhall  be  uncontrovertible. 

1 have  the  honour  to  be,  &c. 

Gray’s-Inn, 

April  18,  1782. 

Vol.  LXXII.  Y y 
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IT  is  univerfally  acknowledged,  that  the  firft  fimple  prin- 
ciples of  fcience  cannot  be  too  critically  examined,  in  or 
der  to  their  being  firmly  eftablifhed ; more  efpecially  thofe 
which  relate  to  the  practical  and  operative  parts  cf  mecha- 
nics, upon  which  much  of  the  aeftive  bufmefs  of  mankind 
depends.  A fentiment  of  this  kind  ocCafioned  my  trad!  upon 
Mechanic  Power , which  was  publifhed  in  the  Philofophical 
Tran  factions,  vol.  LXVI.  for  the  year  1776.  What  I have  now 
to  offer  was  intended  as  a lupplement  thereto,  and  the  expe- 
riments were  then,  in  part,  tried  ; but  the  completion  thereof 
was  deferred  at  that  time,  partly  from  want  of  leifure  ; partly 
to  avoid  too  great  a length  of  the  paper  itfelf ; and  partly  to 
avoid  the  bringing  forward  too  many  points  at  once.  My 
prefent  purpofe  is  to  fhew,  that  the  true  dodhine  of  the  col - 
upon  of  bodies  hangs  as  it  were  upon  the  fame  hook,  as  the 
dodlrine  of  the  gradual  generation  of  motion  from  reft,  conli- 
dered  in  that  paper ; that  is,  that  whether  bodies  are  put  into 
gradual  motion,  and  uniformly  accelerated  from  reft  to  any 
given  velocity ; or  are  put  in  motion,  in  an  inftantaneous 
manner,  when  bodies  of  any  kind  ftrike  one  another;  the 
motion,  or  fum  of  the  motions  produced,  has  the  fame  relation 
to  mechanic  power  therein  defined,  which  is.  neceftary  to  pro- 
duce the  motion  defined.  To  prove  this,  and  at  the  fame 
time  to  fhew  forne  capital  rniftakes  in  principle,  which 
have  been  affumed  as  indifputable  truths  by  men  of  great  learn- 
ing, is  the  reafon  of  my  now  purfiling  the  fame  fubjedh 

I do  not  mean  to  point  out  the  particular  rniftakes  which 
have  been  made  by  particular  men,  as  that  would  lead  me  into 
too  great  a length  : 1 filial  1 therefore  content  myfelf  with  ob- 
ferving,  that  the  laws  of  collifion,  which  have  been  invefti- 
gated  by  mathematical  philofophers,  are  principally  of  three 
kinds ; viz.  thofe  relating  to  bodies  perfectly  elajlic ; to  bodies 

perfectly 
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perfectly  unelaftic,  and  perfe£tl y fifty  and  to  bodies  perfectly 
unelaftic,  and  perfedlly  hard.  To  avoid  prolixity,  I fhall  confider 
in  each,  only  the  limple  cafe  of  two  bodies  which  arc  equal  in 
weight  or  quantity  of  matter  finking  one  another.  Refpedting 
thofe  which  are  perfectly  elaftic,  it  is  univerfally  agreed,  that 
when  two  fuch  bodies  ftrike  one  another,  no  motion  is  loft  ; but 
that  in  all  cafes,  what  is  loft  by  one  is  acquired  by  the  other  : 
and  hence,  that  if  an  elaftic  body  in  motion  ftrikes  another  at 
reft,  upon  the  ftroke  the  former  will  be  reduced  to  a ftate  of 
reft,  and  the  latter  will  fly  off  with  an  equal  velocity. 

In  like  manner,  if  a non-elaftic  Joft  body  ftrikes  another  at 
reft,  they  neither  of  them  remain  at  reft,  but  proceed  together 
from  the  point  of  collifion  with  exactly  one  half  of  the  velo- 
city that  the  firft  had  before  the  ftroke  ; this  is  alfo  univer- 
fally allowed  to  be  true,  and  is  fully  proved  by  every  good 
experiment  upon  the  lubjedt. 

Refpedting  the  third  fpecies  of  body,  that  is,  thofe  that  are 
non-elaftic,  and  yet  perfedlly  hard  ; the  laws  of  motion  relating 
to  them,  as  laid  down  by  one  fpecies  of  philofophers,  have 
been  rejected  by  another  ; the  latter  alledging,  that  there  are 
no  fuch  bodies  to  be  found  in  nature  whereon  to  try  the  experi- 
ment ; but  thofe  who  have  laid  down  and  afligned  the  dodtrine 
that  would  attend  the  collifion  of  bodies  ot  this  kind  (if  they 
could  be  found)  have  univerfally  agreed,  that  if  a non-elaffic 
hard  body  was  to  ffrike  another  of  the  fame  kind  at  reff,  that, 
in  the  fame  manner  as  is  agreed  concerning  non-elaffic  foft 
bodies,  they  neither  of  them  would  remain  at  reff,  but  would 
in  like  manner  proceed  from  the  point  of  collifion,  withexadtly 
one  half  of  the  velocity  that  the  firft  had  before  the  ftroke : in 
fhort,  they  lay  it  down  as  a rule  attending  all  non-elaffic  bodies, 
whether  hard  or  foft,  that  the  velocity  after  the  ftroke  will 
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be  the  lame  in  both,  viz.  one  half  of  the  velocity  of  the  origi- 
nal firiking  body. 

Here  is  therefore  the  affumption  of  a principle,  which  in 
reality  is  proved  by  no  experiment,  nor  by  any  fair  dedudlion 
of  reafon  that  I know  of,  viz.  that  the  velocity  of  non-elaflic 
hard  bodies  after  the  ftroke  mu  ft:  be  the  fame  as  that  refulting 
from  the  ftroke  of  non-elaflic  [oft  bodies;  and  the  queflion 
now  is,  whether  it  is  true  or  not  ? 

Here  it  may  be  very  properly  afked,  what  ill  effedls  can 
refult  to  practical  men,  it  philolophers  fhould  reafon  wrong 
concerning  the  effects  of  what  does  not  exift  in  nature,  fince 
the  practical  men  can  have  no  fuch  materials  to  work  upon,  or 
misjudge  of?  But  it  is  anfwered,  that  they  who  infer  an  equa- 
lity of  effects  between  the  twro  lorts,  may  from  thence  be 
milled  themfelves,  and  in  confequence  miflead  practical  men 
in  their  reafonings  and  conclulions  concerning  the  fort  with 
which  they  have  abundant  concern,  to  writ,  the  non-elaflic 
foft  bodies , of  which  water  is  one,  which  they  have  much  to 
do  with  in  their  daily  practice. 

Previous  to  the  trying  my  experiment  on  mills  I never  had 
doubted  the  truth  of  the  dodtrine,  that  the  fame  velocity  re- 
iulted  from  the  ftroke  of  both  forts  of  non-elaflic  bodies;  but 
the  trial  of  thofe  experiments  made  me  clearly  fee  at  leaf!  the 
inconclufivenefs,  if  not  the  falfity  of  that  doctrine : becaufe  I 
found  a refult  which  I did  not  expedl  to  have  arifen  from  either 
lort ; and  for  the  which,  when  it  appeared  from  experiment,  I 
could  fee  a fubftantial  reafon  why  it  fhould  take  place  in  one 
lort,  and  that  it  was  impollible  that  it  could  take  place  in  the 
other ; for  if  it  did,  the  bodies  could  not  have  been  perfedtly 
hard , which  would  be  contrary  to  the  hypothecs.  Of  this 
dedudlion  I have  given  notice  in  my  faid  tradl  on  mills,  pub- 

lifhed 
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lifhed  in  the  Philofophical  TranfaCtions,  vol.  LI.  for  the  year 

1 759  *• 

]t  may  alfo  be  faid,  that  fince  we  have  no  bodies  perfectly 
eladic,  or  perfectly  uneladic  and  fojt,  why  fhould  we  expeCt  and 
bodies  perfectly  uneladic  and  hard?  Why  may  not  the  efteCts  be 
fucli  as  fhould  refult  from  a fuppodtion  of  their  being  imper- 
ially elafic  joined  with  their  being  imperfectly  hard  ? But  here 
I mud:  obferve,  that  the  fuppolition  appears  to  be  a contra- 
diction in  terms. 

We  have  bodies  which  are  fo  nearly  perfectly  eladic,  that  thb 
laws  may  be  very  well  deduced  and  confirmed  by  them;  and 
the  fame  obtains  with  refpeCt  to  non-eladic  foft  bodies  ; but  con- 
cerning bodies  of  a mixed  nature,  which  are  by  far  thegreated 
number,  fo  far  as  they  are  wanting  in  eladicity,  they  are  foft , 
and  bruife,  yield , or  leave  a mark  in  collidon  ; and  fo  far  as 
they  are  not  perfectly  foft  they  are  eladic,  and  obferve  a mix- 
ture of  the  law  relative  to  each  ; but  imperfeCtly  eladic  bodies, 
imperfeCtly  hard  come  in  reality  under  the  fame  defeription 
as  the  former  mixed  bodies  : for  fo  far  as  they  are  imperfeCtlv 
hard  they  are  foft,  and  either  bruife  and  yields  or  leave  a mark 
in  the  droke ; and  fo  far  as  they  want  perfeCt  eladicity, 
they  are  non-eladic  ; that  is  to  fay,  they  are  bodies  imperfeCtly 
eladic,  and  imperfeCtly  foft ; and  in  faCt  I have  never  yet  feen 
any  bodies  but  what  come  under  this  defeription.  It  feems, 
therefore,  that  refpeCting  the  hardnefs  of  bodies  they  differ  in 
degrees  of  it,  in  proportion  as  they  have  a greater  degree  of 
tenacity  or  cohefion  ; that  is,  are  further  removed  from  perfeCt. 

* “ The  effect,  therefore,  of  overfhot  wheels,  under  the  fame  circumftance  of 
“ quantity  and  fall y is  at  a medium  double  to  that  of  the  underfhot : and  as  a 
“ confequence  thereof,  that  non-elaflic  bodies , when  aiding  by  their  impulfe  or  collif  on, 

“ communicate  only  a part  of  their  original  power;  the  other  part  being  fpent  in 
“ changing  their  figure  in  confluence  of  the f robe Phil.  Tranf,  voi.  LI.  p.  133. 

foftnefs. 
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ibftiiefs,  at  the  fame  time  that  their  elaftic  fp rings,  fo  far  as  they 
reach,  are  very  ftiff;  and  hence  we  may  (by  the  way)  con- 
clude, that  the  fame,  mechanic  power  that  is  required  to 
change  the  figure  in  a final l degree  of  thofe  bodies  that  have  the 
popular  appellation  of  hard  bodies,  would  change  it  in  a great 
degree  in  thofe  bodies  that  approach  towards  foftnefs,  by  hav- 
ing a iinall  degree  of  tenacity  or  cohefion.  In  the  former 
kind  we  may  rank  the  harder  kinds  of  caji  iron , and  in  the 
latter,  foft  tempered  clay. 

While  the  philofophical  world  was  divided  by  the  difpute 
about  the  old  and  new  opinion , as  it  was  called,  concerning  the 
powers  of  bodies  in  motion,  in  proportion  to  their  different  veloci- 
ties : thofe  who  held  the  old  opinion  contending,  that  it  was  as 
the  velocity  j imply , afked  thofe  of  the  new,  How,  upon  then- 
principles,  they  would  get  rid  of  the  conclulions  arifing  from 
the  doctrine  of.  unelaftic  perfectly  hard  bodies?  They  replied. 
They  found  no  fuch  bodies  in  nature,  and  therefore  did  not 
concern  thcmfelves  about  them.  On  the  other  hand,  thofe  of 
the  new  opinion  alked  thofe  of  the  old,  How  they  would 
account  for  the  cafe  of  non-elaftic  foft  bodies,  where,  accord- 
ing to  them,  the  whole  motion  loft  by  the  ftnking  body  was 
retained  in  the  two  after  the  ftroke  (the  two  bodies  moving 
together  with  the  half  velocity),  though  the  two  non- 
eiaftic  bodies  had  been  bruifed  and  changed  their  figure  by  the 
ftroke  ; for,  if  no  motion  was  loft,  the  change  of  figure 
muft  be  an  effect  without  a caufe  ? To  obviate  this,  thofe  of 
the  old  opinion  ferioufly  fet  about  proving,  that  the  bodies 
might  change  their  figure,  without  any  lofs  of  motion  in  either 
of  the  ftriking  bodies. 

Neither  of  thefe  anfwers  have  appeared  to  me  fatisfaffory, 
efpecially  fince  my  mill  experiments  : for  with  refpedt  to  the 
firft,  it  is  no  proper  argument  to  urge  the  impoflibility  of  find- 
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ing  the  proper  material  for  an  experiment,  in  anfwer  to  a con- 
clufion  drawn  from  an  abftra&  idea.  On  the  other  hand,  if  it 
can  be  ftiewn,  that  the  figure  of  a body  can  be  changed,  with- 
out a power,  then,  by  the  lame  law,  we  might  be  able  to  make 
a forge  hammer  work  upon  a mals  of  foft  iron,  without  any 
other  power  than  that  neceflary  to  overcome  the  friction,  re- 
finance, ano  original  vis  inertic?^  of  the  parts  of  the  machine 
to  be  put  in  motion  : for,  as  no  progrefiive  motion  is  given  the 
mafs  of  iron  by  the  hammer  (it  being  lupported  by  the  anvil)*,, 
no  power  can  be  expended  that  way  ; and  if  none  is  loft  to* 
the  hammer  from  changing  the  figure  of  the  iron,  which  is 
the  only  eftedt  produced,  then  the  whole  power  muft  refide  in 
tne  hammer,  and  it  would  jump  back  again  to  the  place  from 
which  it  fell,  juft  in  the  fame  manner  as  if  it  fell  upon  a body 
perfectly  elaftic,  upon  which,  if  it  did  fill,  the  cafe  would  really 
happen  : the  power,  therefore,  to  work  the  hammer  would 
be  the  lame,  whether  it  fell  upon  an  elaftic  or  non-elaftic  body  ; 
an  idea  fo  very  contrary  to  all  experience,  and  even  apprehen- 
fton,  of  both  the-  philofopher  and  vulgar  artift,  that  I fhcdl 
here  leave  it  to  its  own  condemnation. 

As  nothing,  however,  is  fo  convincing  to*  the  mind  as  expe- 
riments obvious  to  the  lenfes,  I was  very  defirous  of  contriving 
«:n  experiment  m point  ; and  as  I law  no  hopes  of  finding  mat- 
ter to  make  a direct  experiment,  I turned  my  mind  towards  an 
indirect  one  ; fo  circumfcribed,  however,  as  to  prove  incon- 
teftably,  that  the  refult  of  the  ftroke  of  two  non-elaftic  per- 
fectly hard  bodies  could  not  be  the  fame  as  would  refult  from 
the  collilion  of  two  foft  ones ; that  is-,  if  it  can  be  bona  fide 
proved,  that  one  half  of  the  original  power  is  loft  in  the  ftroke 
of  foft  bodies  by  the  change  of  figure  (as  was  very  ftronglv 
fuggefted  by  the  mill  experiments);  then  fince  no  fuch  loft 
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can  happen  in  the  collifion  of  bodies  perfectly  hard,  the  refult 
and  confequence  of  fuch  a broke  mu  ft  b q different. 

The  confequence  of  a broke  of  bodies  perfectly  hard,  but 
void  of  elafticity,  muft  doubtiefs  be  different  from  that  of  bo- 
dies perfectly  elajiic : for  having  no  fpring  tlie  body  at  reft 
could  not  be  driven  oft  with  the  velocity  of  the  ftriking  body, 
for  that  is  the  confequence  of  the  action  of  the  fpring  or  elaftic 
parts  between  them,  as  will  be  (hewn  in  the  refult  of  the  expe- 
riments ; the  ftriking  body  will  therefore  not  be  bopped,  and 
as  the  motion  it  lofes  muft  be  communicated  to  the  other, 
from  the  equality  of  adtion  and  re-a6tion,  they  will  both  pro- 
ceed together,  with  an  equal  velocity,  as  in  the  cafe  of  non-elaftic 
loft  bodies  : the  queftion,  therefore,  that  remains  is,  what  that 
‘velocity  mu  ft  be? — It  muft  be  greater  than  that  of  the  non- 
elaftic  foft  bodies,  becaufe  there  is  no  mechanical  power  loft  in 
the  broke.  It  muft  be  lefs  than  that  of  the  ftriking  body, 
becaufe,  if  equal,  inftead  of  a lofs  of  motion  by  the  collifion, 
it  will  be  doubled.  If,  therefore,  non-elaftic  foft  bodies  lofc 
half  their  motion,  or  mechanical  power,  by  change  of  figure 
in  collifion,  and  yet  proceed  together  with  half  the  velocity, 
and  the  non-elaftic  hard  bodies  can  lofe  none  in  any  manner 
whatever ; then,  as  they  muft  move  together,  their  velocity 
muft  be  fuch  as  to  preferve  the  equality  of  the  mechanic  power, 
unimpaired , after  the  broke  the  fame  as  it  was  before  it. 

For  example,  let  the  velocity  of  the  ftriking  body  before  the 
broke  be  20,  and  its  mafs  or  quantity  of  matter  8 ; then,  ac- 
cording to  the  rule  deduced  from  the  experiments  in  the  tra<ft  on 
Mechanic  Power  (fee  exp.  third  and  fourth)  that  power  will  be 
expreffed  by  20  x 20  = 400,  which  x 8 = 3200  ; and  if  half  of 
it  is  loft  in  the  broke,  in  the  cafe  of  non-elaftic  loft  bodies,  it 
will  be  reduced  to  1600  ; which  -f-  16  the  double  quantity  of 
matter,  will  give  100  for  the  fquare  of  their  velocity;  the 
4 fquare 
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fquare  root  of  which  being  10,  will  be  the  velocity  of  the  two 
non-elaftic  loft  bodies  after  the  ftroke,  being  juft  one  half  of 
the  original  velocity,  as  it  is  conftantly  found  to  be.  But  in 
the  non-elaftic  hard  bodies,  no  power  being  loft  in  the  ftroke, 
the  mechanic  power  will  remain  after  it,  as  before  it,  = 3200; 
this,  in  like  manner,  being  divided  by  16,  the  double  quantity 
of  matter,  will  give  200  for  the  fquare  of  the  velocity,  the 
fquare  root  of  which  is  14.  14,  &c.  lor  their  velocity  alter  the 
ftroke,  which  is  to  10,  the  velocity  of  the  non-elaftic  foft  bodies 
after  the  ftroke,  as  the  fquare  root  of  2 to  1 ; or  as  the  diagonal 
of  a fquare  to  its  fide. 

It  remains,  therefore,  now  to  be  proved,  that  precilely  half 
of  the  mechanic  power  is  loji  in  the  colliiion  ol  non-elaftic  foft 
bodies ; for  which  purpofe  my  mind  fuggefted  the  following 
refieftions.  I11  the  colliiion  ol  elaftic  bodies  the  effect  feem- 
ingly  inftantaneous,  is  yet  performed  in  time  ; during  which 
time  the  natural  fprings  redding  in  elaftic  bodies,  and  which 
conftitute  them  fuch,  are  bent  or  forced,  till  the  motion  of 
the  ftriking  body  is  divided  between  ltfelf  and  the  body  at  reft  ; 
and  in  this  ftate  the  two  bodies  would  then  proceed  together,  as 
in  the  cafe  of  non-elaftic  foft  bodies ; but  as  the  fprings  will 
immediately  reftore  themfelves  in  an  equal  time,  and  with  the 
fame  degree  of  impuljive  force , wherewith  they  were  bent  in 
this  re-aftion,  the  motion  that  remained  in  the  ftriking  body 
will  be  totally  deftroyed,  and  the  total  exertion  of  the  two 
fprings,  communicated  to  the  original  refting  body,  will  caufc 
it  to  fly  off  with  the  fame  velocity  wherewith  it  was  ftruck. 

Upon  this  idea,  if  we  could  con  ft  r u<ft  a couple  of  bodies  in 
fuch  a way  that  they  fhould  either  aft  as  bodies  perfeftly  elaftic  ; 
or,  that  their  fprings  fhould  at  pleafui-e  be  hooked  up, 
retained,  or  prevented  from  reftoring  themfelves,  when  at 
their  extreme  degree  of  bending  ; and  if  the  bodies  under  theie 
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circumftances  obferved  the  laws  of  collifion  of  non-elaftic  foft 
bodies,  then  it  would  be  proved,  that  one  half  of  the  mecha- 
nical power,  redding  bn  the  ftriking  body,  would  be  loft  in  the 
action  of  colhiion  ; becaufe  the  impnlfive  force  or  power  of  the 
fpring  in  its  reftitution  being  cut  off,  or  fufpended  from  a&ing, 
which  is  equal  to  the  impuHive  force  or  power  to  bend  it  (and 
which  alone  lias  been  employed  to  communicate  motion  from 
one  body  to  the  other),  it  would  make  it  evident,  that  one  half  of 
th  e impuifive  force  is  loft  in  the  a£hon,  as  the  other  half  remains 
locked  np  in  the  fp rings.  It  alio  follows,  as  a collateral  circum - 
Jlance , that  be  the  impuifive  power  of  the  fprings  what  it 
may  from  firft  to  laft,  yet  as  one  half  of  the  time  of  the 
action  is  by  this  means  cut  off,  in  this  fenfe  alfo  it  will  fol- 
low, that  one  half  of  the  mechanic  power  is  deftroyed  ; or 
rather,  in  this  cafe,  remains  locked  up  in  the  fprings,  capable 
of  being  re- exerted  whenever  they  are  fet  at  liberty,  and  of 
producing  a frefh  mechanical  effedt,  equivalent  to  the  motion 
or  mechanical  power  of  the  two  non-elaftic  foft  bodies  after 
their  collifion. 

Hence  we  muft  infer,  that  the  quantity  of  mechanical  power 
expended  in  difplacing  the  parts  of  non-elaftic  foft  bodies  in 
collilion,  is  exaftly  the  fame  as  that  expended  in ' bending  the 
fprings  of  perfectly  elaftic  bodies ; but  the  difference  in  the 
ultimate  effect  is,  that  in  the  non-elaftic  foft  bodies,  the  power 
taken  to  difplace  the  parts  will  be  totally  loft  and  deftroyed,  as 
it  would  require  an  equal  mechanic  power  to  be  raifed  a-frefh, 
and  exerted  in  a contrary  direction  to  reftore  the  parts  back 
again  to  their  former  places  ; whereas,  in  the  cafe  of  the  elaftic 
bodies,  the  operation  of  half  the  mechanic  power  is,  as  obferved 
already,  only  locked  up  and  fufpended,  and  capable  of  being 
re-exerted  without  a further  original  accellion. 
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Tlicfc  ideas  arofe  from  the'  relult  of  the  experiments  tried 
upon  the  machine  deferibed  in  my  faid  trad  upon  Mechanic 
Power,  and  were  alfo  communicated  to  my  very  worthy  and 
ingenious  friend  william  kussell,  Efq.  F.  R.  S.  at  the  fame 
time  that  I ihewed  him  thofe  experiments  in  1759  ’ but  the 
mode  of  putting  this  matter  to  a full  and  lair  mechanical  trial 
has  lince  occurred  ; and  though  fome  rough  trials,  fufficient  to 
fhew  the  effed,  were  made  thereon,  prior  to  the  offering  the 
paper  on  mechanical  power  to  the  Society  in  1 776,  yet  the 
machine  itfelf  I had  not  leifure  to  complete  to  my  fatisfadion 
till  lately ; which  I mention  to  apologize  for  the  length  of 
time  that  thefe  fpeculations  have  taken  in  bringing  forward. 

PESCRIPTION  OF  THE  MACHINE  FOR  COLLISION. 

Fig.  i.  fhews  the  front  of  the  machine  as  it  appears  at  reft 
when  fitted  for  ufe. 

A is  the  pedeftal,  and  AB  the  pillar,  which  fupports  the 
whole,  C,  D are  two  compound  bodies  of  about  a pound  weight 
each,  but  as  nearly  equal  in  weight  as  may  be.  Thefe  bodies 
are  alike  in  conftrudion,  which  will  be  more  particularly  ex- 
plained by  fig.  2.  Thefe  bodies  are  fufpended  by  two  white 
fir  rods  of  about  half  an  inch  diameter  ef  and  gh,  being  about 
four  feet  long  from  the  point  ol  fufpenfion  to  the  center  of  the 
bodies  ; and  their  fufpenfion  is  upon  the  crols-piece  II,  which  is 
mortoifed  through,  to  let  the  rods  pals  with  perfed  freedom  ; 
and  they  hang  upon  two  imall  plates  filed  to  an  edge  on  the 
under  fide,  and  pafs  through  the  upper  part  of  the  rods.  Their 
centers  are  at  k and  /,  and  the  edges  being  let  into  a little 
notch,  on  each  fide  the  mortoife,  the  rods  are  at  liberty  to 
vibrate  freely  upon  their  refpedive  points  (or  rather  edges)  of 
fufpenfion,  and  are  determined  to  one  plain  of  vibration.  MN 
flat  arch  of  white  wood,  which  may  be  covered  with 
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paper,  that  the  marks  thereupon  may  be  the  more  confpicuous. 

The  crofs-piece  II  is  made  to  project  fo  far  before  the 
pillar,  that  the  bodies  in  their  vibrations  may  pafs  clear  of  ir, 
without  danger  of  ftriking  it  ; and  alfo  the  arch  MN  is  brought 
lo  far  forward  as  to  leave  no  more  than  a clearance,  fufficient 
for  the  rods  to  vibrate  freely  without  touching  it. 

fig*  2.  Shews  one  of  the  compound  bodies,  drawn  of  its 
full  lize.  AB  is  a block  of  wood,  and  about  as  much  in 
breadth  as  it  is  reprefented  in  height,  through  a hole  in  which 
the  wood  rod  CC  pafles,  and  is  fixed  therein. 

DB  reprefents  a plate  of  lead  about  three-eighths  of  ah  inch 
thick,  one  on  each  lide,  fcrewed  on  by  way  of  giving  it  a com- 
petent weight.  d¥>efg  reprefents  the  edge  of  a fpringing  plate  of 
brafs,  rendered  elaffic  by  hard  hammering  ; it  is  about  five- 
eighths  of  an  inch  in  breadth,  and  about  one-twentieth  of  an 
inch  thick.  It  is  fixed  down  upon  the  wooden  block  at  its  end 
by  means  of  a bridge  plate,  whole  end  is  fhewn  hi,  and  is 
lerewed  down  on  each  fide  the  fpring  plate  by  a fcrews  which 
being  relaxed  the  fpring  can  be  taken  out  at  pleafure,  and  acf- 
jufted  to  its  proper  fituation.  kl  is  a light  thin  Hip  of  a plate, 
whole  under  edge  is  cut  into  teeth  like  a fine  law  or  ratchet, 
and  is  attached  to  the  fpring  by  a pin  at  k,  which  p aides 
through  it,  and  alfo  through  a fmall  Hud  ri vetted  into  the 
back  part  of  the  fpring,  and  upon  which  pin,  as  a center,  it  is 
freely  moveable. 

inn  fhews  a fmall  plate  or  Hud  feen  edgeways  raifed  upon  die 
bridge  plate,  through  an  hole  in  which  Hud  the  ratchet  pafles  ; 
and  the  lower  part  of  the  hole  is  cut  to  a tooth  lhaped  pro- 
perly to  catch  the  teeth  of  the  ratchet,  and  retain  it  together 
with  the  fpring  at  any  degree  to  which  it  may  be  fuddenly 
bent ; and  for  this  intent  it  is  kept  bearing  gently  downward, 
by  means  of  a wire-fpring  opq,  which  is  in  reality  double,  the 

bearing 
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bearing  part  at  0 being  femi-circular ; from  which  branching 
off  on  each  fide  the  rod  cc,  pafifes  to  p,  and  fixes  at  each  end 
into  the  wood  at  q.  However,  to  clear  the  ratchet,  which  is 
necefiarily  in  the  middle  as  well  as  the  rod,  the  latter  is  per- 
forated ; and  alio  the  block  is  cut  away,  fo  far  as  to  let  the 
main  lpring  at  e free  of  all  obftacles  that  would  prevent  its 
play  from  the  point  B.  The  part  jg  is  (hewn  thicker  than  the  red, 
by  being  covered  with  thin  kid  leather  tight  fowed  on,  to  pre- 
vent a certain  jarring  that  otherwife  takes  place  on  the  meeting 
of  the  fprings  in  colliiion. 

Let  us  now  return  to  fig.  1 . the  marks  upon  the  arch  MN 
are  put  on  as  follows,  op  is  an  arch  of  a circle  from  the  center 
/,  and  qr  an  arch  of  a circle  from  the  center  k interfedhng  each 
other  at  s.  Now  the  middle  line  of  the  marks  /,  v,  are  at  the 
lame  diffance  from  the  middle  line  at  s that  the  centers  kl  are  ; 
lo  that  when  each  body  hangs  in  its  own  free  pofition,  with* 
out  bearing  againft  the  other,  the  rod  ej  will  cover  the  maik 
at  /,  and  the  rod  gh  will  cover  the  mark  at  v.  From  the 
point  S upon  the  arches  S p and  S q refpe&ively,  let  off  points 
at  an  equal  and  competent  diffance  from  S each  way,  which 
will  give  the  middle  of  the  mark  w and  x : and  upon  the 
arch  Sp  find  a middle  point  between  the  mark  v and  w,  which 
let  be  y ; and  on  the  other  tide,  in  like  manner,  upon  theaich 
S q find  a middle  point  for  the  mark  z ; then  fet  off  the  diffance 
Sv  or  St  from y each  way,  and  from  z each  way;  and  from 
thefe  points,  drawing  lines  to  the  refpedtive  centers  / and 
they  will  give  the  place  and  pofition  of  the  marks  b,  and 
c,  d;  and  thus  is  the  machine  prepared  for  ufe. 

FOR  TRIALS  ON  ELASTIC  GOBI  E S. 

For  this  ufe  take  out  the  pins  and  ratchets  from  each  relpec- 

tivelv,  and  the  fprings  being-  then  at  liberty,  with  a fhort  bit 

of 
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ot  llick  (luppole  the  fame  fize  as  the  rods)  turn  afide  the  rod 
gh  with  the  right-hand,  carrying  the  body  D upwards  till  the 
ftick  is  upon  the  mark  w,  as  fuppofe  at  o ; there  hold  it,  and 
with  the  left  fet  the  body  C perfectly  at  reft  ; in  which  cafe  the 
rod  ef  will  be  over  the  mark  t ; then  fuddenly  withdraw  the 
ftick,  in  the  direction  that  the  rod  gh  is  to  follow  it,  and  the 
Spring  ot  the  body  D,  impinging  upon  that  of  the  body  C, 
they  will  be  both  bent,  and  alfo  reftored  ; and  the  body  C will 
fly  off,  and  mount  till  its  rod  ef  covers  the  mark  x ; the  rod  of 
tiie  flunking  body  D remaining  at  reft  upon  its  proper  mark  of 
ii  ft  o’,  till  the  body  C returns,  when  the  body  D will  fly  off  in 
he  fame  manner ; the  two  bodies  thus  rebounding  a number  of 
times,  loling  a part  of  their  vibration  each  time  ; but  l'o  nearly 
is  the  theory  of  elaftic  bodies  fulfilled  hereby,  that  the  Angle  ad- 
vantage of  originally  puffing  the  rod  gh  beyond  the  mark  w,  by 
the  thicknefs  of  the  ftick,  or  its  own  thicknefs,  is  fufficient  to 
carry  the  rod  of  the  quiefeent  body  C completely  to  its  mark  at. 

There  are  feveral  other  experiments  that  may  be  made  with 
this  apparatus,  in  confirmation  of  the  doctrine  of  the  collifion 
of  elaftic  bodies ; which  being  univerlally  agreed  upon,  and 
well  known,  it  is  needlefs  further  to  dwell  upon  here;  but 
refpe&ing  the  application  to  non-elaftic  foft  bodies,  it  is  far 
moie  difficult  to  come  at  a fitnefs  of  materials  for  this  kind  of 
experiments,  than  it  is  lor  thole  fuppofing  perfectly  elafticity. 

The  conclufions,  however,  may  be  attained  with  equal  cer- 
tainty. 

I'OR  TRIALS  ON  NON- ELASTIC  SOFT  BODIES. 

For  this  puipofe  the  ratchets  mull  be  applied  and  put  in 
order  as  before  deferibed,  and  the  fprings  being  both  put  to 
their  point  of  reft,  let  the  body  D be  put  to  its  mark  w in  the 

fame 
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fame  manner  as  before  defended,  and  the  body  C to  reft.  The 
body  D being  let  go,  and  linking  the  body  C at  reft,  in  con- 
fequence  of  the  ftroke,  the  fprings  being  hooked  up  by  the 
ratchets,  they  both  move  from  their  refting  marks  /,  v,  refpec- 
tively  toward  M : Now  if  they  both  moved  together,  and  the 
rod  ef  covered  the  mark  c,  and  the  rod  gh  covered  the  mark  d 
at  their  utmoft  limit,  then  they  would  truly  obey  the  laws  of 
non-elaftic  loft  bodies;  becaufe  their  medium  afcent  would  be 
to  the  mark  %,  which  is  juft  half  the  angle  of  afcent  to  the 
mark  x ; but  as  in  this  piece  of  machinery,  though  the  main 
or  principle  fprings  are  hooked  up,  yet  every  part  ot  them,  and 
all  the  materials  of  which  they  are  compoled,  and  to  which 
they  are  attached,  have  a degree,  or  more  properly  {peaking,  a 
certain  compafs  of  elafticity , which,  as  fuch,  is  perfect,  and  no 
motion  loft  thereby. 

We  muft  not,  therefore,  expedt  the  two  compound  bodies 
after  the  ftroke  to  ftick  together  without  ieparating,  as  would 
be  the  cafe  with  bodies  truly  non-elaftic  and  loft ; but  that 
from  the  elafticity  they  are  poflefled  of,  they  will  by  rebound- 
ing be  fepa rated  ; but  that  elafticity  being  perfect,  can  occafion 
no  lofs  of  motion  to  the  fum  of  the  two  bodies  ; l'o  that  if  the 
body  C afcends  as  much  above  its  mark  c as  the  body  D falls 
ihort  of  its  mark  d,  then  it  will  follow,  that  their  medium 
afcent  will  ftill  be  to  the  mark  z,  as  it  ought  to  have  been, 
had  theybeen  truly  non-elaftic  foft  bodies  ; and  this,  in  reality,  is 
truly  the  cafe  in  the  experiment,  as  nearly  as  it  can  be  diicerned. 

After  a few  vibrations,  by  the  rubbing  of  the  fprings  againft 
one  another,  they  are  loon  brought  to  reft  ; and  heie  they 
would  always  reft  had  they  been  truly  and  properly  perfect 
non-elaftic  foft  bodies;  but  here,  as  in  the  cafe  of  thefe 
bodies,  by  a change  of  the  figure  and  fituation  of  the  compo- 
nent parts,  there  is  expended  one  half  of  the  mecnamcai  pow  et 
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of  the  firft  mover,  yet  in  this  cafe  the  other  half  is  not  lojf 
but  fufpended , ready  to  be  re- exerted  whenever  it  is  fet  at 
liberty  ; and  that  it  is  really  and  bona  fide  one  half  and  neither 
more  or  lefs,  appears  from  this  mi  controverted  fimple  principle, 

that  the  power  of  reftitution  of  a perfect  fpring  is  exactly  equal 
to  the  power  that  bends  it.  And  this  may,  in  a certain  degree, 

be  (hewn  to  be  faCt  by  experiment,  if  there  were  any  need  of 

Inch  a proof ; for  if,  when  the  bodies  are  at  reft  after  the  laft 

\ 

experiment,  the  two  rods  are  lathed  together  near  the  bottom 
with  a bit  of  thread,  and  then  the  ratchets  unpinned  and 
removed ; on  cutting  the  thread  with  a pair  of  feiftfars  they 
will  each  of  them  rebound,  C towards  M,  and  D towards  N ; 
and  if  they  rebounded  reipeCtively  to  z andjq  the  mechanical 
power  exerted  would  be  the  fame  as  it  was  after  the  ftroke, 
when  the  mean  of  their  two  afeents  was  up  to  the  mark  z ; 
but  here  it  is  not  to  be  expected,  becaufe  not  only  the  motion 
loft  by  the  friction  of  the  ratchets  is  to  be  deducted,  becaufe 
it  had  the  effeCt  of  real  non-elafticity ; but  alfo  the  elafticity 
that  feparated  them  in  the  ftroke,  which  was  loft  in  the  vibra- 
tions that  lucceeded ; neither  of  which  hindered  the  mean 
afeent  to  be  to  z ; but  yet,  under  all  thefe  diladvantages  in  the 
machine  (if  not  unreafonably  ill  made)  the  rod  ef  will  afeend 
to  d , and  gh  to  a : and  hence  1 infer,  as  a pofitive  truth,  that 
in  the  collifion  of  non  elaftic  foft  bodies,  one  half  of  the  me - 
chanic  power  ref  ding  in  the  friking  body  is  If  in  the  Jlroke. 

RefpeCting  bodies  unelaftic  and  perfectly  hard,  we  muft 
infer,  that  fince  we  are  unavoidably  led  to  a conclufion  con- 
cerning them,  which  contradicts  what  is  efteemed  a truth  ca- 
pable of  the  ftriCteft  demonftration  ; viz . that  the  velocity  of 
the  center  of  gravity  of  no  fyftem  of  bodies  can  be  changed 
by  any  collifton  betwixt  one  another,  fomething  muft  be 
aiYumed  that  involves  a contradiction.  This  perfectly  holds, 
i according 
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according  to  all  the  eftablifhed  rules,  both  of  perfectly  ei attic 
and  perfectly  non-elaftic  fojt  bodies  ; rules  which  muft  fail  in 
the  perfectly  non-elaftic  hard  bodies,  if  their  velocity  after  the 
ltroke  is  to  the  velocity  of  the  ftriking  body  as  one  is  to  the 
fquare  root  of  2 ; for  then  the  center  of  gravity  of  the  two 
bodies  will  by  the  ftroke  acquire  a velocity  greater  than  the 
center  of  gravity  the  two  bodies  had  before  the  ftroke  in 
that  proportion,  which  is  proved  thus. 

At  the  outlet  of  the  ftriking  body,  the  center  of  gravity  of 
the  two  bodies  in  our  cafe  will  be  exactly  in  the  middle  be- 
tween the  two  ; and  when  they  meet  it  will  have  moved  from 
their  halt  diftance  to  their  point  of  contaCt,  fo  the  velocity  of 
the  center  of  gravity  before  the  bodies  meet  will  be  exaCtly 
one  half  of  the  velocity  of  the  ftriking  body;  and,  therefore, 
if  the  velocity  of  the  ftriking  body  is  2,  the  velocity  of  the 
center  of  gravity  of  both  will  be  one.  After  the  ftroke,  ns  both 
bodies  arefuppofed  to  move  in  contact,  the  velocity  of  the  cen- 
ter of  gravity  will  be  the  fame  as  that  of  the  bodies ; and  as 
their  velocity  is  proved  to  be  the  fquare  root  of  2,  the  velocity 
of  their  center  of  gravity  will  be  increafed  from  1 . to  the  fquare 
root  of  2. ; that  is,  from  1.  to  1.414,  &c. 

The  fair  inference  from  thefe  contradictory  conclufions  there- 
fore is,  that  an  unelaftic  hard  body  (perfectly  fo)  is  a repugnant 
idea,  and  contains  in  itfelf  a contradiction;  for  to  make  it 
agree  with  the  fair  conclufions  that  may  be  drawn  on  each  fide, 
from  clear  premifes,  .we  fhall  be  obliged  to  define  its  proper- 
ties thus  : that  in  the  ftroke  of  unelaftic  hard  bodies  they  cannot 
pnjjibly  lofe  any  mechanic  power  in  the  ftroke ; becaufe  no  other 
impreflion  is  made  than  the  communication  of  motion ; and 
yet  they  muji  lofe  a quantity  of  mechanic  power  in  the  ftroke ; 
becaufe,  if  they  do  not,  their  common  center  of  gravity,  as 
Vol.  LXXIJ.  A a a above 
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above  fhewn,  will  acquire  an  increafe  of  velocity  by  their  ftroke 
upon  each  other. 

In  a like  manner  the  idea  of  a perpetual  motion , perhaps,  at 
firft  fight,  may  not  appear  to  involve  a contradiction  in  terms 
but  we  fhall  be  obliged  to  confefs  that  it  does,  when,  on  exa- 
mining its  requisites  for  execution,  we  find  we  fhall  want  bo- 
dies having  the  following  properties  ; that  when  they  are  made 
to  a fiend  again  ft  gravitation  their  abfolute  weight  fhall  be  lefs  ; 
and  that  when  they  defiend  by  gravitation  (through  an  equal 
Space)  their  abfolute  weight  fhall  be  greater;  which,  according 
$o  all  we  know  of  nature,  is  a repugnant  or  contradictory  idea * 


Ihuirt  .1'. 


I 


[ 355  3 


XXII.  Proceedings  relative  to  the  Accident  by  Lightning  at 

Heckingham, 


LETTER  FROM  THE  BOARD  OF  ORDNANCE. 

S I R, 

HAVING  received  information  that,  laft  fummer,  a ftroke 
ot  lightning  fet  fire  to  the  Poor-houfe  at  Heckingham. 
near  Norwich,  notwithftanding  it  was  armed  with  eight 
pointed  conductors , we  requeft  you  will  communicate  to  us  fuch 
particulars  relating  to  that  fa6l,  as  may  have  come  to  your 
knowledge. 

We  are,  with  great  refpeft, 

SIR, 

A our  mofl  obedient  humble  fervants* 

Amherst. 

Charles  Frederick.. 
H.  Strachey. 

J.  Kenrick. 

Office  of  Ordnance, 

32 d December,  1781. 

Sir  Jof.  Banks,  Bart.  Prefident  of  the  Royal  Society* 
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Extracts  from  the  Minutes  of  the  Council  of  the  Royal  Society. 

January  io,  1782. 

CHE  Prefident  laid  before  the  Council  a letter  to  him  from 
the  Board  of  Ordnance,  acquainting  him,  that  the  Poor-houfe 
at  Heckingham,  near  Norwich,  had  been  ftruck  by  lightning, 
notwithstanding  it  was  armed  with  eight  pointed  condudlors  ; 
and  requeuing  him  to  communicate  to  them  fuch  particulars 
relating  to  that  fact  as  may  have  come  to  his  knowledge. 

Refolved, 

That  Dr.  Blagden  and  Mr.  Nairne  be  requeued  to  repair  to 
Heckingham,  and  examine  into  the  circumftances  of  the  acci- 
dent, and  report  thereon  to  the  Council : that  they  engage  a 
draughtsman,  to  take  fuch  drawings  as  may  be  requifite  ; and 
that  the  necelTary  expences  be  defrayed  by  the  Society. 


February  7,  1782. 

Dr.  Blagden  read  to  the  Council  his  and  Mr.  Nairne’ s 
Report  of  the  Survey  made  by  them  of  the  Poor-houfe  at 
Heckingham  in  Norfolk,  in  confequence  of  their  appointment 
by  a former  Council.  The  faid  Report  was  ordered  to  be  read 
to  the  Society  011  Thurfday  the  14th  inftant.  And  the  Prefi- 
dent was  requefled  to  tranfmit  it  immediately  afterwards  to  the 
Board  of  Ordnance ; and  to  defire  that  they  would  return  the 
drawings  as  foon  as  they  lhould  have  taken  copies  of  them,  or 
made  fuch  other  ufe  of  them  as  they  might  think  neceflary. 
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Report  of  the  Committee. 

Read  February  14,  1782. 

To  the  Prefident  and  Council  of  the  Royal  Society. 
Gentlemen, 

PURSUANT  to  your  refolution,  appointing  us  a committee 
to  examine  the  Houfe  of  Induftry  at  Heckingham'  in  Norfolk, 
which  had  been  ftruck  by  lightning  although  it  was  armed 
with  conductors,  we  arrived  there  on  the  21ft  of  January. 
Seven  months  had  then  elapfed  fince  the  accident,  yet  we  had 
the  fatis faCtion  to  learn,  that  no  material  changes  had  been 
made  in  the  conductors  or  the  building  in  that  period  ; lome 
laths  that  had  been  burnt,  fome  bricks  and  pantiles  which  had 
been  damaged  or  thrown  down,  were  replaced  ; but  we  found 
means  to  procure  diftinCt  information  of  thofe  repairs  from  the 
workmen  who  had  been  employed  to  execute  them.  In  order 
to  communicate  a clear  idea  of  the  accident,  it  will  be  neceffary 
to  premife  a general  account  of  the  building ; then  to  repre- 
fent  the  manner  in  which  the  conductors  were  applied  ; and, 
laftly,  to  defcribe  the  ftroke  of  lightning,  with  its  effeCts. 

The  general  form  of  the  building  is  that  of  the  Roman  let- 
ter H (fee  the  general  plan,  fig.  1.),  confiding  of  a center 
range  (Z)  and  two  flanks  (Y  and  X).  It  Hands  on  a gentle 
riling,  which  can  by  no  means  be  termed  a hill,  with  its  front 
facing  S.  90  W.  To  the  weftern  fide  of  the  weft  flank,  and 
eaftern  fide  of  the  eaft  flank,  fome  lower  buildings  are  annexed, 
ferving  as  offices  of  different  kinds  ; and  there  are  two  courts, 
one  before  and  the  other  behind  the  houfe,  together  with  fome 
fmall  gardens  and  yards  on  each  of  the  flanks,  in  all  of  which 
Hand  various  detached  offices,  as  will  be  eafily  conceived  from 
the  general  plan  (fig.  1.).  The 
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The  body  of  the  building,  including  the  great  houfe  with 
its  annexed  offices,  is  provided  with  eight  chimnies,  the  pofi- 
tion  of  which  is  reprefented  in  the  plan  (fig.  i.)  at  the  letters 
-A,  h>,  C,  D,  E,  F,  G,  H.  Of  thefe  the  fix  firft  are  all  placed 
on  the  ridges  of  the  roof;  namely,  A and  B on  the  ridge  of 
the  weft  flank,  c.  and  I)  on  the  ridge  or  the  center  range,  and 
E and  F on  the  ridge  of  the  eaft  flank ; but  the  chimney  G 
riles  from  the  lower  part  cf  the  roof  on  the  eaftern  fide  of  the 
call:  flank ; and  the  chimney  H from  the  roof  of  an  annexed 
office,  tire  boiling-room,  which  roof  is  continued  down  from 
the  general  root,  and  projects  beyond  it. 

Both  flanks  (X  and  Y,  fig.  i.)  at  their  north  and  fouth  ends 
are  hipped  old  from  the  ridge  of  the  roof  to  the  eaves  on  each 
fide.;  confequently  there  are  eight  hips,  all  of  which  are  co- 
vered or  coped  with  lead ; the  four  rallies  alfio,  formed  by  the 

hiterie&ion  of  the  center  range  with  the  two  flanks  (fee  fig.  i .) 
aic  m like  manner  covered  with  lead,  which  here  anfwers  the 
purpofe  of  a fpout.  (Two  of  thefe  hips  are  (hewn  in  the  2d,  3d, 
4th,  and  1 1 th  figures  at  h , /?,  and  one  of  the  vallies  at  11,  fig. 

2.)  Thole  twelve  ftrips  of  lead,  covering  the  hips  and  the 

vallies  (fee  the  general  plan,  fig.  1.),  are  all  feparate,  not  hav- 
ing  any  metalline  communication  with  one  another,  as  the  reft 
of  the  loot  confifts  merely  of  pantiles,  with  dropping  eaves. 

From  the  fouth-eaft  corner  of  the  eaft  flank  a wall  is  conti- 
nued eaft  ward  (fee  I in  the  ift  and  3d  figures)  above  26  feet  in 
length,  having  a fmall  garden  at  its  fouth  fide,  and  on  the 
1101th  a liable  built  againft  it  as  a lean-to  (K  in  the  ift  and  4th 
figures)  ; which  liable  is  alfo  fupported  on  the  weft  by  the  eaft 
wall  of  the  eaft  flank  of  the  building  (fig.  1 . at  /yh  The  roof  of  the 
liable  being  like  that  of  a fihed,  Hopes  downward  from  fouth  to 
north  ( a and  b in  the  4th  and  1 1 th  figures)  ; it  does  not  reach  up 

quite 
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quite  to  the  top  of  the  wall  againft  which  it  refls  to  the  fouth- 
ward,  but  is  Ihorter  by  one  courfe  of  bricks  on  edge  (fee  fio\ 
io.  and  ii.  at  c) ; and  at  its  junction  with  the  wall  a flcjhmy  of 
lead  is  carried  along  horizontally  (from  c to  d,  tig.  1 1 .)  25I  feet 
in  length. 

. We  conclude  this  general  account  of  the  building  with  the 
dimenlions  of  its  principal  parts.. 


Length  of  the  center  range  (Z  fig.  1.)  to  the 
flanks  - . . 108 

Length  of  each  flank  (X  and  Y fig.  1 .);  - icg 

Breadth  of  the  center  range,  and  of  each  flank,. 

Height  from  the  ground  to  the  bottom  of  the  hips 

Cf?  Sr  fig'-  3.  and  4.)  - - about  20 

Height  from  the  ground  to  the  top  of  the  ridge 
(/,  fig..  2.  and  3.  e , fig.  4.)  - about  34 

Height  of  the  chimnies  above  the  ridge  of  the  roof 
(as  E,  fig.  4.)  - - about  3 

Length  of  each  hip  (from  f to  g , fig.  3.  4.  and 

1 1 •)  - - - about  27 

Height  of  the  wall  (1)  lupporting  the  liable  (fig.  3.)  16 
Height  of  the  eaves  of  the  liable  above  the  garden 
to  the  northward  of  it  (fee  general  plan,  fig.  1.)  7 

Length  of  the  liable  on  the  outfide  - 26 

Breadth  of  the  liable  on  the  outfide  - 1 5 
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To  all  the  eight  chimnies  which  have  been  defcribed  we 
found  iron  rods  affixed,  reaching  between  four  and  five  feet 
above  the  top  of  the  chimney,  pointed  at  the  upper  end,  and 
tapering  about  ten  inches  to  that  point.  Each  rod  or  bar  was 
nearly  fquare,  meafuring,  upon  a mean,  about  half  an  inch 
one  way,  and  four-tenths  of  ail  inch  ?he  other,  with  the  angles 

5 juft 
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juft  rounded  off.  Thefe  conductors  were  continued  down  the 
building  by  a fucceflion  of  Iimilar  bars  of  iron,  in  general  from 
fix  to  eight  feet  long,  joined  to  one  another  by  two  hooks  arid 
nuts  (fee  fig.  12);  that  is,  the  correfponding  ends  of  each 
bar  being  formed  into  a hook  bent  at  right-angles,  the  hook  of 
the  uppermoft  went  into  a hole  of  the  lowermoft,  where  it  was 
fattened  with  a nut,  and  the  hook  of  the  lowermoft  went  into 
a iimilar  hole  of  the  bar  above,  where  it  was  fixed  in  the  fame 
manner ; the  length  of  each  of  thefe  joints,  from  nut  to  nut, 
was  about  two  inches. 

Though  there  were  eight  of  thefe  conductors  reaching  above 
the  chimnies,  yet  they  had  only  four  terminations  below' . For 
the  conductors  to  the  two  chimnies  D and  E (fig.  1.  and  2.) 
being  continued  toward  each  other  along  the  roof,  united  in  the 
'valley  over  the  lead  gutter  there  (at  Lin  the  ift,  2d,  and  3d 
figures),  and  from  that  point  only  one  conductor  was  continued 
down  the  valley  toward  the  ground.  In  like  manner  the  two  con- 
ductors from  the  chimnies  A and  C (fig.  1.)  united  in  the  val- 
ley of  the  roof  between  them,  and  were  carried  down  toward 
the  ground  as  a fingle  rod.  AH  the  three  conductors  from  the 
chimnies  F,  G,  and  H,  fucceffively  joined  together  (fee  M,  N, 
fig.  1.),  and  only  a fingle  rod  was  continued  from  them  down 
the  lower  part  of  the  building.  Laftly,  the  conductor  from 
the  chimney  B (fig.  1.)  went  down  fingle  all  the  way,  without 
having  formed  a junction  with  any  other. 

As  the  conductors,  therefore,  in  their  paffage  down  the 
building,  were  thus  reduced  to  four,  we  are  now  to  fhew  their 
four  terminations.  And,  firft,  that  from  the  chimney  B,  being 
the  limpleft,  was  carried  down  the  weftern  fide  of  the  weft 
flank,  till  it  came  very  near  the  ground,  when  it  entered  a 
fmall  channel  of  brick-work,  through  which  it  was  continued 
under  the  pavement  into  a narrow  bricked  drain,  leading 
7 through 


by  Lightning  at  Heckingham.  36  f 

through  the  wall  of  a privy  (at  O,  fig.  i.)  into  which  the 
drain  dilcharges  itfelf.  The  conductor  having  palled,  in  the 
drain,  through  the  hole  in  the  privy  wall,  was  continued  about 
three  feet  into  the  open  fpace  under  the  feat  of  the  privy, 
where  it  terminated  in  air,  none  of  the  folid  work  being  nearer 
its  end  than  lix  inches.  As  this  drain  is  conftruCted  to  receive 
the  foul  water  from  the  yard,  and  one  of  the  water- cocks  is 
near,  fome  moifture  will  moft  commonly  be  found  in  it  ; but 
the  ftones  Hope  fo  rapidly  at  the  termination  of  the  drain  in 
the  privy,  that  any  water  which  runs  thither  muft  be  imme- 
diately carried  off.  This  conductor,  as  well  as  all  the  others, 
was  kept  in  its  place  near  the  wall  in  its  pafTage  down,  by  ring- 
ftaples  driven  into  the  wall. 

The  fecond  termination  we  (hall  defcribe  is  that  belonging 
to  the  chimnies  F,  G,  H (fig.  i.).  The  conductor  from  the 
chimney  F in  palling  down  the  roof  was  joined  by  that  from  the. 
chimney  G (at  M,  fig.  i.)  and  afterwards  by  the  rod  from  the 
chimney  H (atN,  fig.  i.)  ; thence  the  iron  was  continued  down 
till  it  came  near  the  bottom  of  the  wall,  where  it  was  turned 
off  along  the  pavement  toward  a fink  (fig.  i.  QJ  not  quite 
two  feet  diffant,  through  the  fide  of  which  it  was  carried,  and 
projecting  four  inches  into  the  open  fpace  of  the  fink,  there 
terminated  in  air.  The  fink  is  built  of  brick,  one  foot  nine 
inches  deep,  and  two  feet  and  a half  fquare  within  j and  into 
its  fiouth  fide  is  fitted  an  iron  grate,  of  the  fame  length  as  the 
fide  externally,  and  about  feven  inches  deep,  the  lower  part  of 
which  lies  on  the  bare  foil.  Through  the  middle  of  this  grate 
the  conduClor  paffes,  refling  in  contaCt  with  one  of  the  bars. 
From  its  termination  to  the  bottom  of  the  fink  is  not  lefs  thau 
twelve  inches  ; and  the  bottom,  which  is  of  brick,  dopes  fo 
much,  that  water  can  never  lie  upon  it,  there  being  a large 
Von.  LXXII.  Bbb  drain 
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drain  on  the  further  fide,  which  leads  oft  from  the  bottom  of 

the  fink. 

The  third  termination  to  be  invedigated  is  that  formed  by 
the  conductors  from  the  chimnies  A and  C (fig.  i.).  Thefe, 
after  joining  in  the  valley  which  lies  between  them,  ran  down, 
us  a {ingle  rod,  over  the  lead  covering  the  valley,  paffed  through 
a hole  in  that  lead,  where  it  projects-  over  as  a fpout,  and  de- 
fcended  m the  angle  formed  by  the  inter fection  of  the  weft 
flank  with  the  front  of  the  center  range  ($,  fig.  i.).  Being 
arrived  within  eight  inches  of  the  ground,  it  entered  a narrow 
channel  of  brick-work,  through  which  it  was  conveyed  into  a 
nnad  clofe  drain  or  gutter,  where  it  terminated,  with  a hooked 
end,  in  contaCt  with  one  of  the  fide  bricks.  It  touched  nothing 
folid,  therefore,  in  its  courfe  under  the  ground,  but  brick- work. 
Tire  fmall  drain  in  which  it  terminated  waslo  placed  as  not  to 
receive  much  moiflure ; and  this  drain  led  into  the  fide  of  a 
grated  fink  (L,  fig.  i.),  at  the  bottom  of  which  the  great 
drain  of  the  fore-court  begins- 

Of  the  feveral  conductors  that  have  been  hitherto  confidered, 
the  different  parts  of  the  building  to. which  they  were  affixed, 
and  their  refpeCtive  terminations,  very  accurate  drawings  were 
made  on  the  fpot but  as  thefe  conductors  were  more&  diflan t 
from  the  ftricken  end  of  the  houfe  than  thofe  which  remain  to. 
be  defcribed,  and  alfo  ffiewed  no  marks  of  having  been  affeCted 
by  the  dorm,  we  thought  it  unneceflary  to  enter  into  a more, 
circumdantial  detail  regarding  them  ; efpecially  as,  if  any  fur- 
ther particulars  fhould  appear  hereafter  to  be  of  conference,  it 

will  at  all  times  be  eafy  to  refer  to  the  original  drawings  and- 
notes.  ' 

We  proceed  now  to  examine  the  fourth  termination,  by 
which  the  conductors  from  the  chimnies  D and  E (fee  fig.  t . 

and 
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and  2.),  being  thofe  neareft  the  ffricken  corner,  were  carried 
nnder  the  ground.  The  conductor  of  the  chimney  D,  from 
its  upper  point  to  its  final  termination,  con  lifted  of  ten  .bars, 
into  the  lixth  of  which  the  conductor  coming  from  the  chim- 
ney E was  fattened  by  its  fourth  bar,  reckoning  from  the  top 
(atL,  fig.  1 . and  2.).  This  junction  was  made  by  a hook  at  the 
lower  end  of  that  fourth  bar  of  the  conductor  from  the  chim- 
ney  E,  which  hook  was  received  into  a hole  of  the  above- 
mentioned  lixth  bar,  and  fixed  there  by  a nut  underneath'. 
Here  was,  therefore,  only  one  hook  and  nut,  inftead  of  two 
as  in  the  common  joints.  Alfo  at  the  top  of  this  fixth  bar  of 
the  conductor  from  the  chimney  E,  where  it  united  with  the 
fifth  bar,  only  one  hook  and  nut  were  employed  to  form  the 
junction,  the  other  hook  appearing  never  to  have  been  put  into 
its  correfponding  hole.  I11  this  fame  fixth  bar,  above  the  hole 
into  which  the  conductor  from  the  chimney  E was  inferred,  we 
found  four  other  fpare  holes,  which  were  left  quite  empty. 

Tracing  the  conductor  downward  from  this  point  of  union, 
we  found  it  dcficend  over  the  lead  of  the  valley,  to  the  l'urface 
of  which  it  gradually  approached,  till  at  a hole  made  on  pur- 
pofe  (m,  fig.  2.)  it  paffed  through  the  lead,  whence  it  was  con- 
tinued down  the  angle  formed  by  the  interfedfion  of  the 
eaft  flank  with  the  front  of  the  center  range  (T,  fig.  1.  2.  and 
5.).  It  no  where  touched  the  wall  of  the  building,  but  was 
kept  in  its  place  by  ring-ftaples  (/>,/>,  fig.  3.).  Being  arrived 
within  two  or  three  inches  of  the  ground,  it  entered  into  a 
channel  of  brick,  enclofed  on  all  fides  (at  e , fig.  5.),  in  which 
it  was  continued  down  to  the  arch  of  the  great  drain  of  the 
fore-court  („v,  fig.  5.)  ; here,  having  paffed  through  a hole  in 
the  haunch  of  the  arch  (y,  fig.  5.  and  7.),  it  was  bent 
off  from  the  houfe  through  the  middle  of  the  drain,  and 
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^ultimately  terminated  in  contact  with  the  bricks  at  the  bottom 
of  it  (at  z,  fig.  5.  and  7.).  This  conductor,  therefore,  in  its 
paffage  downward,  did  not  communicate,  till  it  reached  the 
bottom  of  the  drain,  with  any  thing  better  able  to  carry  off 
electricity  than  mafonry  or  timber  ; for  the  iron-ftaples  fattening 
it  to  the  wall,  and  the  lead  lining  the  valley,  were  themfelves 
in  contact  with  fuch  fubftances  only. 

As  tins  drain,  then,  is  the  real  termination  of  the  conductor, 
it  mutt  now  be  more  attentively  confidered.  It  begins  at  the 
wettein  fink  of  the  fore-court  U (fig.  1.)  ; thence  it  is  conti- 
nued (V,  \ , tig.  1.)  with  a proper  declivity  to  the  eattern  link  W 
(^5*  5*  then  runs  under  the  eatt  flank  of  the  houfe 

(Vr2,  fig.  1.  and  5.),  and  ends  beyond  it  in  the  fide  of  the  cefs- 
pool  P (fig.  1.).  From  the  grating  on  the  fink  U to  that  on  the 
link  W (fig.  1.)  is  89  feet,  and  thence  to  the  cefs  poolP  near 
69  feet.;  the  breadth  of  the  drain  at  bottom  (z,  fig.  7.)  is  i4 
inches  ; its  height  to  the  fpring  of  the  arch  (fig.  7.)  16  inches, 
and  to  the  crown  of  the  arch  (*,  fig.  5.  and  7 ) 23  inches.  When 
we  faw  it,  the  moitt  filth,  or  fludge,  at  bottom  (z,  fig.  7.)  was 
two  or  thiee  inches  deep  ; but  when  the  court  is  overflowed,  as 
the  two  grates  (at  U and  W,  fig.  1.)  are  laid  on  purpole  to  re- 
ceive the  fuperfluous  moifture,  there  mutt  be  fome  run  of 
water  through  it.  We  ettimated  the  fall  of  the  drain,  from 
tne  eattern  link  W ^fig.  I .)  to  its  termination  in  the  cefs-pool 
P,  at  two  feet.  The  cefs-pool  itfelf  refembles  a well,  walled 
round  in  the  infide,  and  has  foul  water  ttagnating  at  the  bot- 
tom, which  cannot  rife  above  a certain  height  on  account  of  a 
large  main,  leading  from  it  into  the  great  relervoir  (at  R, 
lig.  1.),  out  of  which  the  foul  water  is  ultimately  pumped. 
When  we  examined  this  cefs-pool,  the  water  in  it  ttood  even 
with  the  bottom  of  that  great  drain,  confequently  was  almoft 


as 
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as  high  as  it  could  be,  unlefs  the  drains  fhould  at  any  time  be 
flooded ; and  upon  meafuring  the  dittance  from  the  bottom  of 
the  drain  coming  from  the  fore-court  (V2,  fig.  1.)  where  it 
terminated  in  the  fide  of  the  cefs-pool,  down  to  the  furface  of 
the  water  ftagnating  in  the  cefs-pool,  we  found  it  3I  feet. 
This  interval,  therefore,  of  three  feet  and  a half  muft  be  patted 
through,  to  form  a communication  between  the  water  in  the 
drain,  and  that  rn  the  cefs-pool.  The  drain  is  firmly  built  of 
brick  and  mortar  (fee  the  fe&ion  of  it,  fig.  7.).  To  determine 
the  nature  of  the  foil  in  which  it  is  laid,  a hole  was  dug  in  the 
fore-court  feven  feet  deep,  where  we  found  nothing  but  land,'  at 
this  time  pretty  moift,  with  a few  pebbles.  There  is  reafon  to 
believe,  however,  from  the  foil  of  an  adjacent  declivity  to  the 
northward,  that  below  thefand,  perhaps  at  the  depth  of  1 5 or 
16  feet,  a bed  of  clay  would  be  found. 

Againtt  the  eaft  flank,  near  the  corner  T (fig.  1.),  th'ererifes 
a leaden  pipe  with  a cock  (O,  fig.  2.),  to  which  the  water  is 
conveyed  from  a railed  cittern  (fee  r,  fig.  1.)  in  one  of  the  de- 
tached offices  of  the  back-court.  A'  main  of  lead  from  the 
cittern,  which  is  itfelf  of  that  metal,  after  fending  out  pipes  • 
to  fome  other  cocks,  and  patting  through  the  cellars  of  the 
houie,  comes  into  the  fore-court  about  four  yards  from  the 
corner  T (tig.  1.)  and  is  carried  over  the  drain  at  tl^e  dittance  of 
about  a foot  above  its  crown,  and  eight  inches  below  the  fur- 
face  of  trie  ground.  Here  it  divides  into  two  branches,  one  of 
which  goes  ttraight  to  the  cock  at  O (fig.  2.),  and  the  other 
runs  wettward,  to  fupply  a ttmilar  cock  in  the  oppolite  corner. 
We  meafured  the  dittance  of  thefe  pipes  and  cocks  from 
the  conductors,  and  found  that  they  came  no  where  nearer 
than  five  feet  and  an  half.- 
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Such  were  the  conductors  that,  in  the  month  of  June,  1777* 
feveral  years  after  the  Houfe  of  Induflry  had  been  built,  were 
erefled  with  the  hope  of  guarding  it  from  lightning.  The  iron 
ot  which  they  were  formed  had  in  that  time  acquired  a coat  of 
ruft,  fuch  as  might  be  expe&ed  from  four  years  expofu re  to  the 
air.  On  the  17th  of  June,  1781,  after  a fhowery  forenoon,  a 
heavy  cloud  having  rifen  from  the  S.  W.  brought  on  a levere 
thundei -florm,  attended  with  iuch  heavy  hail  and  ram,  that 
the  court  before  the  houfe  was  overflowed.  At  length,  about 
three  in  the  afternoon,  when  this  florm  had  already  lafled  15 
or  20  minutes,  a tingle  and  very  loud  explofion  was  heard,  like 
the  report  of  a cannon,  which  exceedingly  terrified  all  the 
] copi^  in  tlie  houie,  and  affected  three  of  the  paupers  io  much 
that  they  fainted.  At  the  fame  time  a great  light  was  per- 
ceived, which  feemed,  as  they  exprefled  it,  to  come  in  at  the 
windows,  and  ilill  more  at  the  doors  of  the  rooms,  like  a flieet 
ot  fire.  Within  one  or  two  minutes,  the  fouth-eafl  corner  of 
the  eaft  flank  of  the  building  was  obferved  to  be  on  fire,  the 
flame  burfling  out  at  the  bottom  of  the  hip  (fee  g in  fig.  3.  4. 
and  1 1.).  By  the  brifk  exertions  of  the  people  in  the  houfe, 
this  fire  was  quickly  extinguifhed  ; and  the  court  was  fo  over- 
flowed, that  they  procured  fufficient  water  for  that  purpofe  by 
means  of  a hole  which  they  dug  near  the  burning  corner  of  the 
building.  The  florm,  and  efpecially  the  rain,  continued  fome 
time  after  the  flroke,  but  not  with  luch  violence  as  before.  At 
the  moment  of  the  explofion  it  was  nearly  calm  ; but  the  wind 
had  been  fouth-weflerly  all  day,  and  the  fky  was  obferved  to 
ne  clearing  in  that  quarter  about  the  time  of  the  accident. 

To  come  at  the  fire,  in  order  to  extinguifh  it,  the  lead  had 
been  rolled  off  the  bottom  of  the  hip,  and  fome  bricks  thrown 
down,  all  of  which  were  replaced  when  we  arrived  at  Hecking- 
5 ham ; 
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ham  ; but  as  the  men,  who  had  gone  up  to  the  corner  of  the- 
houfe  qn  the  firft  appearance  of  the  fire,  feemed  to  recoiled 
very  well  the  hate  in  which  they  had  found  the  lead  and  tiles 
at  that  moment,  they  were  deli  red  to  put  every  thing  in  the 
fame  hate  to  the  beft  of  their  memory.  With  this  view  they 
turned  back  the  lead  at  the  bottom  of  the  hip  on  its  fouth  fide, 
fo  that  the  fouth- weft  face  of  the  hip-pole  might  be  feen,  and 
threw  down  a few  tiles,  after  letting  one  on  edge  againft  the 
hip-rafter.  The  lightning  then,  if  fuch  evidence  be  admitted, 
had  railed  up  that  corner  of  the  lead  to  the  breadth  of  about 
fix  inches  at  the  bottom-,  and  difplaced  fome  tiles.  ■ An  effed 
of  this  kind  upon  the  lead,  is  one  of  the  commoneft  fads  ob- 
ferved  in  buildings  that  have  been  ftruck  by  lightning.  It  fo 
happened,  that  the  piece  of  lead  which  we  found  on  the  bot- 
tom of  the  hip  at  Heckingham,  had  upon  it  feveral  impreftions 
or  pits ; concerning  which  various  opinions  were  entertained, 
till  an  experiment,  made  fince  our  return  to  town,  feems  to 
have  put  it  beyond  doubt,  that  they  are  nothing  but  marks  of 
large  fhot,  fuch  as  might  have  been  produced  by  firing,  with  a 
large  fowling-piece,  at  a bird  fitting  on  the  corner  of  the 
houfe.  All  the  people  who  affifted  in  extinguifhing  the  fire 
agreed,  that  on  the  eaftern  fide  of  the  hip,  the  lead  remained, 
after  the  ftroke,  in  its  ufual  fituation. 

On  removing  entirely  the  lower  part  of  the  lead,  no  kind  of 
damage  was  feen  on  the  wood  of  the  hip-pole,  except  that  near 
the  lower  end  it  was  {lightly  fcorched  in  one  place,  apparently 
by  the  flame  which  had  burft:  forth  from  below ; the  fpike-nail 
which  had  .faftened  the  lead  to  it  appeared  perfectly  found,  and 
even  the  bole  made  by  that  nail  in  the  wrood  was  neither  burnt 
nor  fplintered.  This  hip-pole  was  fupported,  at  its  proper  diftance- 
from  the  hip-rafter,  by  an  iron-ftrap,  or  holdfaft,  which  was 

driven 
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driven  into  the  timber  making  the  tie  of  the  angle,  through 
the  bevelled  end  of  the  hip-rafter,  juft  without  the  part  where 
the  tenon  of  the  latter  is  received  into  the  mortife  of  the  for- 
mer (a,  fig.  8.).  Here  it  was  that  the  fire  feemed  to  have  be- 
gun, though  neither  the  holdfaft  itfelf,  nor  the  hip-pole  refting 
upon  it,  (hewed  any  figns  of  the  lightning.  From  the  place  into 
which  this  holdfaft  was  driven  ( a , fig.  8.)  to  the  outer  end  of  the 
angle  tie  (b,  fig.  8.)  there  was  a confiderable  lofs  of  fubftance, 
occafioning  a large  hole  ; but  the  fides  of  the  hole  within  were 
fo  imooth,  and  fo  little  charred,  (hewing  plainly  the  grain  of 
the  wood,  that  it  was  fcarcely  pofiible  to  luppofe  the  whole  had 
been  burnt  out ; we  conje6tured,  therefore,  that  a large  fplin- 
ter  had  been  forced  off  by  the  lightning  at  this  place,  and,  in 
the  fame  moment,  the  tenon  of  the  hip-rafter  fet  on  fire  where 
it  enters  the  mortife.  Indeed,  unlefs  fome  opening  had  been 
made  by  forcing  out  fuch  a piece,  it  does  not  appear  how  the 
fire  could  have  burnt,  for  want  of  air,  in  a part  that  is  always 
to  clofely  joined  by  builders : and  yet,  in  this  confined  place, 
the  tenon  of  the  hip-rafter  was  fo  far  con  fumed,  that  a ruler 
could  bethruft  in,  almoft  to  the  further  extremity  of  the  mor- 
tile.  From  this  (pot  the  flame  feems  to  have  iflued  out  eaft- 
ward,  between  the  tie  of  the  angle  and  the  wall- plate  (c,  c,  fig. 
8.)  lcorching  all  the  timbers  it  could  reach,  and  fetting  fire  to 
the  laths  ; but  the  mifchief  it  had  done  was  very  trifling  (fee 
fig.  8.). 

Juft  beneath  the  abovementioned  hole  at  the  end  of  the 
angle-tie  (<£,  fig,  8),  is  the  extremity  of  the  wall-plate  which  lies 
upon  the  eaftern  wall  of  the  eaft  flank  (</,  fig.  8.).  The  end  of 
this  wall-plate  was  rent  in  a*  remarkable  manner  (*,*,£,r,fig.8.)f 
and  leveral  of  the  fiflures  were  continued  fome  way  upon  the 
fides  (d  andyi  fig.  8.).  Though  the  other  timbers  we  have 
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mentioned  are  of  fir,  the  wall-plate  is  of  folid  oak ; and  the 
violence  done  to  its  extremity  was  fuch,  that  we  could  not 
doubt  but  it  had  been  occalloned  by  the  lightning. 

Under  this  end  of  the  wall-plate  there  was  a crack  in  the  fouth 
face  of  the  corner  (w,  fig.  8.),  which  went  down  four  courfes  of 
bricks,  and  -then  terminated  abruptly  (w,  fig*  3.).  The  three  ex- 
ternal courfes  of  bricks  above  this  crack  were  new,  and  projected 
out  much  farther  than  the  others,  to  form  the  cornice  of  the 
wall.  Whether  the  bricks  of  the  old  cornice  had  been  damaged  or 
thrown  down  by  the  ilroke,  we  could  not  learn  with  certainty  ; 
but  the  general  report  among  the  people  we  confulted  was,  that 
they  had  not,  and  were  only  taken  down  to  extinguifii  the  fire  : 
this  opinion  leemed  probable  from  the  want  of  marks  on  the 
hip-pole  which  projected  out  with  the  cornice,  and  the  ap- 
pearance of  fuch  ftrong  effects  of  lightning  on  the  wall-plate 
which  lay  within  any  part  of  the  projection ; whence  it  might  be 
concluded,  that  the  lightning  palled  within  the  cornice,  and 
no  where  through  it.  Between  the  bottom  of  the  wall  plate, 
and  the  top  of  the  crack  where  it  appeared  to  begin  at  the  foot 
of  the  cornice  (m,  fig.  3.  and  8.),  lay  two  inner  courfes  of 
bricks  ( 0 and  f>,  fig.  8.)  covered  by  the  cornice.  Some  damage 
had  evidently  been  done  to  the  bricks  in  this  part,  though  we 
could  not  diftinClly  trace  the  progrefs  of  the  lightning  through 
them. 

Beneath  the  eafi:  edge  of  the  wall- plate,  and  feparated  from 
if.  in  like  manner  bv  two  courfes  of  bricks,  a limilar  crack  de- 
lcended  from  the  bottom  of  the  cornice  (/,  fig.  4.  and  8 ) on 
the  eafi  face  of  the  corner,  and  went  through  ten  courfes  of 
bricks  till  it  reached  the  top  of  the  wall  that  fupported  the 
liable.  Here  the  three  bricks  next  the  houfe,  it  is  laid,  were 
Uiivered  into  pieces  as  fmall  as  nuts,  but  not  thrown  ofi  (g  fig. 
10.  and  11.).  The  cracks  in  the  bricks  on  both  faces  of  the 
Vol.  LXXII.  C c c corner 
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corner  remained,  having  only  been  filled  up  with  mortar;  but 
new  bricks  were  put  in  the  place  of  the  three  that  had  been 
broken  on  the  wall.  All  the  workmen  we  faw  agreed  in  opi- 
nion, that  no  iron  cramps,  or  other  metal,  had  been  ufed  in  the 
brick- work. 

Beginning  from  thefe  three  fhivered  bricks  on  the  top  of  the 
wall,  three  courfes  of  pantiles  on  the  roof  of  the  ftable,  in  the 
direction  downward,  were  in  great  mealure  broken  or  difplaced, 
except  about  two  feet  of  the  lower  end  of  the  courfes,  near 
the  eaves,  where  the  tiles  remained  untouched  (fee  c , m,  g , 
fig.  io.  and  c,  y,  fig.  1 1.).  All  thefe  pantiles  reified  upon  laths, 
which  were  taftened  to  the  rafters  of  the  roof  by  iron  nails 
about  eievep  inches  afunder.  Within  the  ffiable,  and  almoft 
underneath  the  ipot  where  the  damage  to  the  pantiles  ceafed,  a 
laddie  hung,  at  the  time  of  the  accident,  by  a nail  driven  into 
the  wall  at  that  weft  end  of  the  ftable,  which  was  alio  the 
eaftern  wall  of  the  eaft  flank  of  the  houfe  ( n , fig.  io.).  As- 
tliis  laddie,  being  much  torn  by  the  lightning,  feems  to  have 
been  the  ftep  by  which  it  paflfed  through  the  ftable,  the  relpec- 
tive  fituations  of  all  their  parts  lhall  be  minutely  deferibed. 

The  ftable  in  its  iniide  is  25  feet  long  (from  r to  s,  fig.  9.), 
13  feet  broad  (from  t to  zz,  fig.  9.),  feet  high  on  its  fouth 
iide  (fiom  nv  to  x,  fig.  10.),  and  7 i feet  on  the  north  (from  y 
to  2,  fig.  10.).  At  the  weft  end  is  a ftall  for  one  horle  (r,  fig. 
9.).  Near  the  middle  of  the  north  wall  is  a drain  (y,  fig.  9. 
and  10.),  which  terminates  juft  without  the  wall  in  the  gar- 
den (/£,  fig.  9.  and  10.).  Againft  the  weft  end  of  the  ftable,  a 
Ihelf  (e,  y,  fig.  10.)  was  fupported  by  two  nails  underneath  (/^ 
fig.  io.).  Seven  inches  and  a half  below  this  Ihelf  was  a nail, 
on  which  the  laddie  hung  by  one  of  its  ftirrups  (zz,  fig.  10.). 
The  breadth  of  the  Ihelf  was  near  one  foot  and  an  half;  its 
1 length 
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length  (from  e to  f9  fig.  io.)  two  feet  five  inches ; and  the 
pantiles  feem  to  have  been  dilplaced  a little  farther  down  on 
the  roof  (g-,  fig.  io.)  than  the  line  correfponding  perpendicu- 
larly with  the  north  end  of  the  (helf  (/£,  fig.  io.).  Neither  the 
fhelf,  nor  the  nails  fupporting  it,  which  were  both  near  its 
north  end,  Ihewed  any  figtis  of  injury  ; whence  it  may  be  con- 
jectured, that  if  the  lightning  took  its  courfe  this  way,  it 
palled  obliquely  between  the  faddle  and  the  roof,  lo  as  to  mifs 
the  edge  of  the  fhelf,  leaving  it  to  the  fouthward.  The  upper 
part  of  the  fouth  fide  of  the  liable  was  boarded  off  from  tnc 
reft,  to  form  a hay-chamber,  which  occupied  fo  large  a portion 
of  the  roof  (from  x to  m9  fig.  io.),  that  the  boards  of  the  per- 
pendicular partition  (at  o9  fig.  io.)  came  within  ten  inches  of 
the  nail  on  which  the  faddle  hung.  Thefe  boards  were  fattened 
to  the  uprights  of  the  partition,  all  the  way  down  from  the 
*oof,  by  nails  about  fix  inches  afunder,  confequently  lome  of 
thole  nails  mull  have  been  within  ten  inches  of  the  ftirrup-iron 
as  it  hung  on  the  nail  in  the  wall  ( o and  n,  fig.  io.).  No 
tokens  of  the  lightning  could  be  dilcovered  on  thofe  boards,  or 
the  nails  fattening  them  ; wre  could  not,  therefore,  be  certain, 
whether  any  part  of  it  had  palled  that  way.  The  nail  which 
l'upported  the  faddle  was  equally  free  from  marks  ; but  one  ot 
the  ftirrup-leathers  was  much  torn  and  burnt,  and  a large  piece 
of  the  leather  was  Itripped  off  the  feat  of  the  faddle,  betides  other 
damage  done  to  it  in  that  part.  One  of  the  ffirrup-iions, 
likewife,  exhibits  fome  appearances  of  fufion  on  the  arch 
through  which  the  flirrup-leather  paffes.  I his  iron,  as  well  as 
the  llirrup-leather,  being  the  only  damaged  parts  ot  the  faddle 
that  remained,  we  have  brought  for  your  inlpecuon. 

It  mull  be  evident  that  we  derived  the  knowledge  or  molt  of 
thefe  circumlfances  relative  to  the  eff'eCts  of  the  lightning  upon 
and  within  the  liable  from  information,  the  damages  having 
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been  repaired  befoie  our  arrival.  As  the  workmen  prefen tj 
however,  agreed  pretty  well  in  their  teflimony,  and  it  was  cor- 
roborated by  every  thing  that  appeared,  we  defired  them  to 
replace  all  the  parts  as  they  were  left  by  the  accident,  and 
thence  made  tlie  deicriptions  and  drawings.  We  gave  direc- 
tions that  a man,  accuftomed  to  the  liable,  fhould  hang  up  the 
faddle  there  in  the  ufual  manner,  and  then  afeertained  the  fol- 
lowing meafures : 


From  the  nails  fupporting  the  fhelf  in  the  liable  (at 

/,  fig.  io.)  to  the  neareft  nails  of  the  pantile  laths 
or  the  roof  (about  h , fig.  io.) 

From  the  fouth  end  of  the  Ihelf  (7,  fig.  IQ.)  to  the 
roof  over  it  (jn,  fig.  io.) 

N.  B.  The  fouth  end  of  the  Ihelf  was  fixed  to 
the  pai tition-boards  of  the  hay-chamber  (c, 
%•  io),  and  die  two  nails  under  its  north 


fide  (/,  fig.  io.)  were  5I  inches  apart. 

Fiom  the  neareft  of  the  nails  fupporting  the  north 
end  of  the  Ihelf  (y^  fig.  10.)  to  the  nail  on  which 
the  faddle  hung  (#,  fig.  10.  ) 

Length  of  the  flirrup-iron  below  the  nail  ( 'n , fig. 
io.) 

Length  of  the  ftirrup-leather,  from  the  ftirrup-iron 
to  the  feat  of  the  faddle 

Breadth  of  the  feat  of  the  faddle  - about 

Diftance  from  the  lower,  fide  of  the  feat,  as  the  faddle 

lning,  to  the  bottom  of  the  loweft  Hirrup-iron  (p, 
fig.  10.)  - 

Diftance  from  the  loweft  ftirrup-iron  (p,  fig.  io.) 
to  the  floor  of  the  ftable  (near  d,  fig.  io.  and 
9')  " about 
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o 8 


2 o 


3 6 
As 


by  Lightning  at  ITeckingham..  n - ^ 

As  the  faddle  was  thus  placed  by  recolledtion , the  girths 
reached  from  it  to  the  ground  (</,  fig.  io.  and  9.)  ; but  neither 
thefe  girths,  nor  any  other  part  of  the  faddle,  except  one 
ftirrup-iron,  one  dirrup-leather,  and' the  feat,  were  faid to  have 
been  damaged  by  the  accident. 

From  the  quantity  of  rain  which  fell  in  the  thunder- florin, 
the  flable-  was  overflowed  with  water,  which  gradually  funk 
into  the  drain  (at  y,. fig.  9.  and  10. );  The  leather  dripped  off 
the  feat  of  the  faddle  was  found  in  the  liable  near  this  drain; 
whether  thrown  there  originally,  or  carried  by  the  water, 
is  uncertain.  From  the  point  of  the  floor  immediately  under 

the  faddle,  to  the  neared:  part  of  the  drain,  was  about  1 2§*feet  ;• 

\ 

the  width  of  the  drain  (y,  fig.  9.)  14  inches ; its  length- 
through  the  wall  to  the  edge  of  the  hole  or  fink  into  which  it 
d-ifcharges  itfelf  1 8^  inches,  and  the  depth  of  the  fink  from  the 
bottom  of  the  drain  about  one  foot  and  an  half;  As  this  fink 
was.  merely  a hole*  without  any  drain  leading  from  it,  and  was 
bricked  at  the  fides,  the  water  could  not  pal's  off  by  the  drain 
of  the  dable  any  fader  than  it  could : foak  through  the  loofe 
foil  at  the  bottom  of  the  fink.  And  it  is  evident,  from  this 
conftru&ion,  that  the  earth  under  the  fink  will  ulually  be  fome' 
of  the  wetted  near  the  building*  and  be  impregnated  with  frits 
from  the  dale  of  the  horfes. . 

Except  the.  marks  which  have  been*  already  defcribed,  we 
could  not  find  on  any  part  of  the  dable,  either  within  or  with- 
out, the  lead  vedige  of  the  lightning.  We  particularly  exa- 
mined the  lead  jlajhing  on  the  top  of  the  roof  (from  c to  d,  fig. 
11.),  and  the  hay-chamber  immediately  under  the  three  broken', 
bricks  and  thedifplaced  pantiles,  but  in  vain.  There  was  a hook 
fixed  in  the  wTall,  15  inches  below  the  nail  on  which  the  faddle 
bung,  and .fo  exactly  underneath,  that  the- dirrup-leather  may- 
be- 
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nc  iuppofed  to  have  covered  it ; but  this  alio  appeared  to  be  per- 
fectly untouched.  After  making  every  poffible  inquiry*  we 
could  not  determine  by  evidence,  whether  the  ftirrup-leather 
which  is  fo  finged  and  torn  was  the  upper  or  the  lower  one  at 
the  time  of  tiie  accident.  Much  lels  could  we  get  information 
of  the  refpe&ive  portions  of  the  two  ftirrup-irons.  But,  what- 
ever their  fituation  may  have  been,  as  fo  few  fteps  were  to  be 
traced,  it  would  feem  that  the  lightning  mull  have  jumped 
over  at  leafe  one  long  interval  in  its  paflage  through  the  liable. 

About  feven  feet  from  the  ftricken  corner  of  the  building, 
and  aim  oft  two  feet  from  the  neareft  part  of  the  roof  of  the 
liable,  is  a window  (A,  fig.  4.  10.  and  11.)  being  the  fouthern- 
moft  of  the  upper  range  on  the  eaft  face  of  the  flank.  It  has 
tiiutv  lmall  panes  of  glafs,  fet  in  lead.  \Ve  were  informed, 
that  about  half  of  thele  had  been  broken  by  the  accident, 
chiefly  on  the  fide  next  the  corner.;  and  that  the  fifth  res  ran  in 
general  horizontally,  nearly  parallel.  Very  little,  if  any,  of 
the  glafs  was  forced  out.  As  we  could  not  difeover  any  trace 
tlie  hghtning  diredlly  toward  this  window,  a fufpicion  arofe, 
w nether  it  might  not  have  been  broken  rather  by  the  general 
concuftion  than  by  any  immediate  ftroke. 


Having  examined  all  the  marks  that  appeared  between  the 
bottom  of  the  ftiicken  hip  and  the  ground,  our  next  inquiries 
were  directed  to  the  top  of  the  hip  ( f.  fig.  2.  3.  4.  and 

Here  the  upper  plate  of  lead  (e,  fig.  4.)  which  ferved  as  a cap- 
ping to  the  junction  of  the  hip  with  the  ridge  of  the  roof, 
being  taken  off,  we  found,  on  its  under  furfiice,  three  diftind 
marks  of  fulion  ; and  on  the  upper  furfiice  of  the  Iheet  of  lead 
which  it  covered  three  correfponding  marks,  fo  exadllv  fimilar, 
that  the  two  furfaces  of  lead  feem  to  have  touched  one  another 
m a melted  ftate.  fhefe  fufed  fpots  are  juft  in  the  bend  of  the 


lead. 
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lead,  anfwering  to  the  obtufie  angle  formed  between  the  hip  and 
the  roof  (/,  fig.  4.).  We  obtained  leave  to  bring  away  both, 
the  pieces  of  lead,  and  now  prefent  them  for  your  infpection. 
I he  workmen  who  examined  the  timber  underneath  reported, 
that  it  was  not  damaged  ; nor  were  any  other  figns  of  the 
lightning  perceived  in  the  whole  length  of  this  ftrip  of  lead 
from  the  top  to  the  bottom  of  the  hip.  In  the  pieces  of  lead 
which  exhibit  the  melted  ipots  on  one  furface,  the  other  lur- 
face  is  perfectly  clear  of  all  marks,  though  the  latter  was,  in 
the  uppermoft  plate  of  lead,  that  which  had  lain  expofed  to 
the  clouds.  Neither  of  them  is  melted  to  any  depth  into  the 
fubftance  of  the  metal. 

As  both  extremities  of  the  hip,  therefore,  were,  in  fame 
degree  at  leaft,  affected  by  the  lightning,  we  proceeded  to  afeer- 
tain  their  diftances  from  the  neareft  conductor,  which  was  that- 
affixed  to  the  chimney  E (fig.  2.  and  4.).  Having  determined 
the  neceftary  meafures,  and  calculated  the  hvpotenufe,  the  dis- 
tance from  the  point  of  the  conductor  to  the  beginning  of  the 
lead  on  the  top  of  the  hip  (e,  fig.  4.)  came  out  42  feet  and  a 
quarter;  thence  to  the  bend  where  we  found  the  marks  of  fu- 
fion  (from  e to  f fig.  4.)  was  five  or  fix  inches  more  ; and  as  the 
hip  meafured  about  27  feet  in  length,  the  diftance  from  the 
conductor  to  the  bottom  of  the  hip  (3-,  fig.  4.)  may  be  called 
feet.  From  the  top  or  bottom  of  the  hip,  to  the  neareft  part 
of  the  conductor  as  it  ran  downward,  the  diffances  were  not  a 
foot  lefs  than  thefie  meafures.  We  then  took  down  the  upner- 
mofl  rod  of  the  condudfor,  and  carefully  examined  it,  efpecially 
at  the  point,  and  at  the  hook  and  lcrews  by  which  it  had  been 
joined  to  the  fecond  rod  ; but  could  no  where  difeover  the  leaf! 
mark  of  fufion  or  other  injury.  At  the  bottom  of  this  con- 
dudfor,  however,  where,  having  joined  that  from  the  chimney 

D, 
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D,  it  tenr mated  in  the  drain  (fee  the  general  plan,  fig.  r,  ami 

fig.  5.),  a fmall  bright  fpot  appeared  on  one  of  the  angles. 
As  lome  fufpicions  were  entertained,  whether  this  mark 
might  not  have  been  occasioned  by  the  lightning,  we  cut  off 
the  end  of  the  rod,  and  have  brought  k hither  for  public  exa- 
mination. 

Where  this  conductor  entered  its  channel  at  the  corner  of 
:the  court  (fee  T,  fig.  1.  and  e9  fig,.  2.  and  5.),  the  ground  is 
railed  fo  much  above  the  grate  of  the  fink  (W,  fig.  1.  and  5.) 
that,  though  the  court  was  overflowed,  it  is  not  probable,  the 
water  could  have  rifen  high  enough  to  run  into  the  channel  (at 
e,  fig.  5 ),  and  fo  communicate  with  the  conductor  before  it 
reached  the  drain. 

Clofie  to  the  chimney  E,  a dinner-bell  hifng  in  a common 
frame  (^,  fig.  2.  and  4.).  Three  different  perfons  went  up  to 
examine  this  bell;  but  could  not  dilcover  upon  it  anywhere 
the  leaft  veftige  of  the  lightning. 

Such  are  the  fiidts  we  were  able  to  collect  from  an  affiduous 
examination  of  the  Poor-houle  at  Heckingham,  and  of  thofe 
witnefles  in  the  neighbourhood  who  knew  any  thing  of  the 
accident.  We  have  {fated  the  appearances  as  they  prefented 
themfelves  to  us,  with  all  the  minutenefs  that  could  be  pre- 
lerved  without  too  much  crowding  the  narrative,  and  indepen- 
dently of  any  opinions.  Whether  the  earth  or  the  clouds  were 
pofitive  at  the  time  ; whether  the  top  or  bottom  of  the  hip' 
was  ffrft  affedted  by  the  iftroke  ; whether  all  the  lightning  took 
its  courfe  through  the  hip,  or  part  went  that  way,  and  part 
through  the  conductor;  and  how  far  the  conductors  were  pro- 
perly conftrudted,  or  adequately  terminated ; are  queftions 
which  will  naturally  fuggeft  themfelves  to  your  confederation. 

It 
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It  may  be  proper,  however,  to  add  the  two  following  pieces  of 
information. 

One  of  the  cripples  in  the  Houfe  of  Indudry,  a middle-aged 
woman,  allured  us,  that  at  the  time  of  the  accident,  as  (he 
was  looking  from  the  door  of  the  hall  (which  is  in  the  center 
of  the  front  facing  the  fouth),  (he  faw  three  balls  of  lire  dart 
down  ; that  one  fell  exaTly  oppofite  her ; a fecond  leemed  to 
drike  the  corner  of  the  houfe ; and  the  other  delcended  in  the 
direction  of  a door  in  the  eadern  flank,  which  was  not  far  out 
of  the  perpendicular  line  of  the  chimney  E (fee  the  general 
plan,  fig.  i.).  If  any  credit  could  be  given  to  the  teflimony  of 
ilich  a perfon  in  a matter  like  this,  it  would  incline  us  to  be- 
lieve, that  the  exploiion  was  made  in  three  dreams,  of  which 
one  palled  through  the  conductor  of  the  chimney  E,  and  ano- 
ther through  the  damaged  corner  of  the  houfe  ; whild  the  third 
fellon  the  ground,  or,  as  the  woman  delcribed  it,  on  the  great 
gate  of  the  fore  court  near  the  lodges  (fee  the  general  plan, 
fig.  i.).  We  examined  the  gate  and  lodges,  with  the  adjacent 
parts,  but  could  nowhere  difcover  any  marks  of  injury;  nor 
could  we  learn  that  any  place  in  the  neighbourhood  had  been 
druck,  or  that  any  perfon,  except  this  woman,  pretended  to 
have  feen  the  courle  of  the  lightning. 

In  our  return  to  town,  through  Norwich,  we  faw  an  inge- 
nious gentleman  of  that  city,  who  fays,  that  he  found  the 
clouds  negative  there  on  the  day  of  the  accident  at  Hecking- 
ham.  The  two  places  are  didant  about  eleven  miles  by  the 
road. 

It  would  be  unpardonable  to  conclude  this  Report,  without 
exprefling  our  obligations  to  the  Directors  and  Guardians  of 
the  Houfe  of  Indudry  at  large,  and  to  the  neighbouring 
Vol.  LXXII.  Ddd  Gentlemen 
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Gentlemen  in  particular,  for  the  liberal  manner  in  which  they 
feconded  our  endeavours  to  execute  the  commiffion  with  which 
you  had  charged  us.  By  their  kind  afliftance  proper  workmen 
were  provided,;  and  every  accommodation  afforded  us,  that 
could  contribute  to  the  inveftigation  of  this  remarkable  accident,. 

We  have  the  honour  to  be, 

GENTLEMEN, 

Youf  moft  obedient  humble  fervants,. 

C.  Blagden. 
Edw.  Nairne,. 

London,  Feb.  7,  1782. 
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XXIII.  Account  of  the  Organ  of  Hearing  in  Fijh . 
By  John  Hunter,  Efq.  F.  R . S. 


Read  Nov.  14,  1782. 

NATURAL  hiftory  has  ever  been  con lidered  as  worthy 
the  attention  of  the  curious  philofopher,  and  therefore 
has  in  all  ages  kept  pace  with  the  other  branches  of  know- 
ledge ; and  as  both  arts  and  fciences  have,  of  late  years,  been 
cultivated  to  a degree,  perhaps,  beyond  what  was  ever  known 
before,  we  find  alfo,  that  natural  hiftory  has  not  been  neg- 
lected ; all  Europe  appears  to  be  awake  to  it.  In  this  ifland  it 
has  been  purfued  with  more  philofophic  ardour,  than  what  was 
ever  known  in  any  country.  It  has  become  the  ftudy  of  men 
of  independent  fortunes,  who  not  only  fpend  their  fortunes 
in  the  cultivation  of  this  fcience,  but  have  rilqued  their  health 
and  lives  in  purfuit  of  it,  fearching  unknown  regions  to  im- 
prove mankind,  fettling  correfpondences  every  where,  fo  as  to 
bring  in  its  materials  into  this  country,  in  order  to  make  it  the 
fchool  of  natural  hiftory.  It  is  no  wonder,  then,  that  a fpirit 
of  inquiry  is  difFufed  through  almoft  all  ranks  of  men  ; and 
that  though  many  cannot  purfue  it  themfelves,  yet  they  are 
eager  to  know  what  is  already  known,  chufing  at  lead:  to 
benefit  by  the  induftry  of  others. 

Thefe  reflections  have  induced  me  to  trouble  this  learned 
Society  with  a fhort  account  of  the  Organ  of  Hearing  in 
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F:fh,  it  being  ffill  a fubjedt  of  great  difpute,  whether  filh  hear 
or  not. 

•Some  time  between  the  years  1750  and  1760,  I obferved  the 
orgm  of  hearing  in  filh  ; and  from  that  time  to  this,  I only 
confide  red  it  as  a link  in  the  chain  of  the  varieties  in  this  fenfe 
in  different  animals,  in  which  there  is  a regular  progreffion, 
viz.  from  the  mod  perfect  animals  down  to  the  mod;  imperfect 
poffeffed  of  this  organ  *. 

As  I do  not  intend  to  give,  in  this  paper,  a full  account 
of  this  organ  in  any  one  filh,  or  of  the  varieties  in  different 
fifh,  but  only  of  the  organ  in  general ; thofe  who  may  chufe 
to  purfue  this  part  only  of  the  animal  oeconomy  may  think 
it  deficient  in  the  defcriptive  parts.  If  it  wras  a difficult 
talk  to  expofe  this  organ  in  fifh,  I Ihould  perhaps  be  led 
to  be  more  full  in  my  defcription  of  it,  but  there  is  nothing 
more  eafy  than  the  expofure  of  this  organ  in  this  animal  in 
general. 

As  this  paper  is  to  be  confined  to  this  order  of  animals,  I 
may  be  allowed  juft  to  obferve  here,  that  the  clafs  called  fepia 
has  this  organ  alfo,  but  fomewhat  differently  conffrudled  from 
what  it  is  in  the  filh. 

The  organs  of  hearing  in  this  latter  order  of  animals  are 
placed  on  the  fides  of  the  Ikufl,  or  that  cavity  which  contains 
the  brain  ; but  the  Ikull  itfelf  makes  no  part  of  the  organ,  as  it 
does  in  the  quadruped  and  the  bird.  In  fome  filh  this  organ  is 
wdiolly  furrounded  by  the  parts  compoling  this  cavity,  which 
in  many  is  cartilaginous,  the  Ikeleton  of  thefe  fifh  being 

ftV* . •'  ' L ■ ' / v • ^ • * 

* Preparations  to  illuftrate  thefe  fa&s  have  been  ever  fince  (hewn  in  my  collec- 
tion to  the  curious  both  of  this  country  and  foreigners : when  in  {hewing  what- 
ever was  new,  or  fuppofed  to  be  new,  the  cars  of  fifh  were  always  confidered  by 
me  as  one  important  article. 
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like  thofs  of  the  ray  kind  ; in  others  alfo,  as  in  cod,  falmon, 
&c.  whole  Ikeleton  is  bone,  yet  this  part  is  cartilaginous. 

In  fome  fifh  this  organ  is  in  part  within  the  cavity  of  the 
Ikull,  or  that  cavity  which  alio  contains  the  brain,  as  in  the 
falmon,  cod,  &c.  the  cavity  of  the  Ikull  projecting  laterally, 
and  forming  a cavity  there. 

The  organ  of  hearing  in  fifh  appears  to  grow  in  fize  with  the 
animal,  for  its  fize  is  nearly  in  the  fame  proportion  with  the 
fize  of  the  animal,  which  is  not  the  cafe  with  the  quadrupled, 
&c.  the  organs  being  in  them  nearly  as  large  in  the  growing 
foetus  as  in  the  adult. 

It  is  much  more  fimple  in  fifh  than  in  all  thole  orders  of 
animals  who  may  be  reckoned  fuperior,  Inch  as  quadrupeds, 
birds,  and  amphibious  animals,  but  there  is  a regular  grada- 
tion from  the  tirft  to  fifh. 

It  varies  in  different  orders  of  fifh  ; but  in  all  it  con  fills  of 
three  curved  tubes,  all  of  which  unite  with  one  another; 
this  union  forms  in  fome  only  a canal,  as  in  the  cod,  fal- 
mon, ling,  &c. ; and  in  others,  a pretty  large  cavity  as  in  the 
ray  kind.  In  the  jack  there  is  an  oblong  bag,  or  blind  procefs, 
which  is  an  addition  to  thofe  canals,  and  which  communicates 
with  them  at  their  union.  In  the  cod,  &c.  this  union  of 
the  three  tubes  Hands  upon  an  oval  cavity,  and  in  the  jack 
there  are  two  of  thole  cavities;  thefe  additional  cavities  in 
thefe  fifh  appear  to  anfwer  the  fame  purpofe  with  the  cavity- 
in  the  ray  or  cartilaginous  fifh,  which  is  the  union  of  the 
three  canals. 

The  whole  iscompofed  of  a kind  of  cartilaginous  fubftance, 
very  hard  or  firm  in  fome  parts,  and  which  in  fome  fith  is 
crufted  over  with  a thin  bony  lamella,  lo  as  not  to  allow 
them  to  collapfe  ; for  as  the  Ikull  does  not  form  any  part  of 
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thoiu  canals  or  cavities  they  mu  ft  be  compofed  of  fuch  fub- 
ftance  as  is  capable  of  keeping  its  form. 

Each  tube  deferibes  more  than  a femi-circle.  This  refembles 
el  feme  i cl  pc  ft  what  we  find  in  mold  other  animals,  but  differs 
in  the  parts  being  dilrincf  from  the  fkull  *. 

Two  of  the  femi-circular  canals  are  ffmilar  to  one  another, 
may  be  called  a pair,  and  are  placed  perpendicularly ; the 
third  is  not  fo  long;  in  feme  it  is  placed  horizontally,  uniting 
as  it  were  the  other  two  at  their  ends  or  terminations.  In  the 
fkait  it  is  fomething  different,  being  only  united  to  one  of  the 
perpendiculars. 

ft  he  two  perpendiculars  unite  at  one  part  in  one  canal,  by 
one  arm  of  each  uniting,  while  the  other  two  arms  or  horns 
have  no  connedion  with  each  other,  and  the  arms  of  the  hori- 
zontal unite  with  the  other  two  arms  of  the  perpendicular  near 
the  entrance  into  the  common  canal  or  cavity. 

hdeai  the  union  of  thole  canals  into  the  common,  they  are 
fwelled  out  into  round  bags,  becoming  there  much  larger. 

In  the  lay  kind  they  all  terminate  in  one  cavity,  as  has  been 
obferved  ; and  in  the  cod  they  terminate  in  one  canal,  which 
in  thefe  fifh  is  placed  upon  the  additional  cavity  or  cavities.  In 
this  cavity  or  cavities  there  is  a bone  or  bones.  In  fome  there 
are  two  bones  ; as  the  jack  has  two  cavities,  we  find  in  one 
of  thofe  cavities  two  bones,  and  in  the  other  only  one  ; in  the 
ray  there  is  only  a chalky  lubftance  f. 

At  this  union  of  the  two  perpendiculars  in  fome  fiffi  enters 
the  external  communication,  or  what  may  be  called  the  external 
meatus.  This  is  the  cafe  with  all  the  ray  kind,  the  external  orifice 


The  turtle  and  the  crocodile  have  a ftru&ure  fomewhat  fimilar  to  this ; and 
rhe  intention  is  the  fame,  for  their  Ik.ills  make  no  part  of  the  organ, 
i This  chalky  fubrtance  is  alfo  found  in  the  ears  of  amphibious  animals. 
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of  which  is  fmall,  and  placed  on  the  upper  flat  furface  of  the 

lead;  but  it  is  not  every  genus  or  fpecies  of  fifh  that  has  the 
external  opening. 


The  nerves  of  the  ear  pafij  outwards  from  the  brain,  and 
appear  to  terminate  at  once  on  the  external  furface  of  the  fwel- 
hng  of  the  femi-circular  tubes  above  defcribed.  They  do  not 
appear  to  pafs  through  thofe  tubes  fo  as  to  get  on  the  iniide,  as, 
is  fuppofed  to  be  the  cafe  in  quadrupeds;  I fhould  therefore 
veiy  much  lufpedf,  that  the  lining  of  thofe  tubes  in  the  qua- 
druped is«not  nerve,  but  a kind  of  internal  perioffeum. 

As  it  is  evident  that  fifh  poffefs  the  organ  of  hearing,  it  be- 
comes unneceffary  to  make  or  relate  any  experiment  made  with 
live  fifh  which  only  tends  to  prove  this  fact ; but  1 will  mention 
one  experiment,  to  (hew  that  founds  affedl  them- much,  and  is 
one  of  their  guards,  as  it  is  in  other  animals.  In  the  year 
1762,  when  I was  in  Portugal,  I obferved  in  a nobleman’s 


garden,  near  Lifbon,  a fmall  fifbvpond,  full  of  different  kinds, 
of  fifh.  . Its  bottom  was  level  with  the  ground,  and' was  made 
by  forming  a bank  all  round.  There  was  a fhrubbery  clofe  to 
it.  Whilft  I was  laying  on  the  bank,  obferving  the  fifh  lwim- 
ming  about,  I defired  a gentleman,  who  was  with  me,  to 
take  a loaded  gun,  and  go  behind  the  fhrubs  and  fire  it.  The 
reafon  for  going  behind  the  fhrubs  was,  that  there  might  not 
be  the  leaf!  reflection  of  light.  The  in  flan  t the  report  was 
made,  the  fifh  appeared  to  be  all  of  one  mind,  for  they  vanifhed 
inllantaneoufly  into  the  mud  at  the  bottom,  railing  as  it  were  a 
cloud  of  mud.  In  about  five  minutes  after  they  be<?an  to 

• w ZD 

appear,  till  the  whole  came  forth  again. 
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XXIV.  Account  of  a new  Electrometer.  By  Air.  Abraham 
Brook  ; communicated  by  Sir  Jofeph  Banks,  Bart.  P.  R.  S. 

Read  M ay  30,  1782. 

AAAAN,  fig.  r.  reprefents  the  electrometer  in  full  fize  and 
proportion,  {landing  on  a table,  or  the  like.  The  foot  B is  a 
fquare  piece  of  board,  9 1 inches  each  way,  retting  on  three 
pins  C,  C,  c,  feen  at  the  under  fide  of  the  foot.  C,  C,  with  the 
broad  heads,  are  fcrews  to  fet  the  inttrument  upright  withal. 
D is  a folid  piece  of  glafs,  which  iupports  and  infulates  the 
inttrument  from  the  place  on  which  it  ttands.  The  arms  Gi 
and  g , with  the  ball  F,  turn  round  on  the  wire  FI  (which  is 
folid  brafs,  as  may  be  alfo  the  arm  g),  and,  when  in  ule,  are 
put  near  at  a right  angle  with  G2  and  H,  being  turned  to  the 
off  fide  fo  as  to  be  as  much  as  poffible  out  of  each  other’s  atmo- 
fpheres  or  the  atmofphere  of  a jar,  battery,  prime  conductor, 
&c.  The  arms  Gi  and  G2  are  hollow  tubes  of  copper,  not  fo 
heavy  as  wires.  The  balls  Ii,  I2,  are  made  of  copper,  and 
hollow,  fo  as  to  be  as  light  as  poflible.  K reprefents  a kind  of 
face  or  dial  plate  to  the  inttrument  with  its  index,  which  is  car- 
ried once  round  by  the  motion  of  the  arm  Gz  with  its  ball  I2 
moving  through  a quarter,  or  90  degrees,  of  a circle ; this 
motion  is  given  to  it  by  the  repulttve  power  of  the  charge,  &c. 
of  electricity  between  the  two  balls  I2  and  L.  The  ends  of 
the  index  from  its  center  are  of  different  lengths.  The  longeft 
end  reaches  to  a graduated  circle,  divided  into  90  equal  parts, 
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anfwering  to  the  90'  , which  the  arm  Gi  moves  through.  The 
fhorteft  end  reaches  to  a fmaller  circle,  divided  into  60  equal 
parts,  anfwering  to  60  grs.  weight,  or  60  divifions,  on  the  arm 
(7 1,  with  its  Hiding  weight  w,  each  of  which  is  equal  to  one 
grain,  and  the  whole  face  is  covered  with  a watch  glafs,  to 
prevent  the  eleCtricity  from  flying  off  at  the  points. 

The  top  of  the  glafs-lupporter,  or  inlulator  D,  is  cemented 
into  a brafs  cap  M.  This  cap  enters  the  ball  L at  bottom,  and 
1 crews  into  the  upper  part  of  the  ball  L at  a . The  top  part 
of  this  cap  M is  tapered  off  to  a cone  about  an  inch  and  a half 
long  or  high.  The  lower  end  of  the  wire  H has  a hole  made 
conically  into  it,  fo  as  to  receive  the  upper  part,  or  conical  end, 
of  the  cap  M,  which  permits  all  the  upper  part  of  the  electro- 
meter to  turn  round  any  way  that  may  be  neceffary.  The  kind 
of  ferrel  O,  with  its  bale,  is  perforated  for  the  lower  end  of 
the  wire  II  to  go  through.  The  bent  arm  which  fupports 
the  cup  N,  is  lcrewed  into  the  bafe  of  the  ferrel  O,  and  turns 
freely  round  upon  the  wire  H.  The  cup  N is  to  receive  the 
ball  P of  the  arm,  fig.  9.  This  arm  (hortens  or  lengthens,  a3 
may  be  wanted,  bv  a wire  Hiding  into  a tube.  The  end  of  the 
wire  is  Hit,  forming  a lpring  in  the  tube  to  be  ifeadv.  hi  this 
arm,  fig.  9.  is  a kind  of  rule  joint  at  d,  that  the  arm  may  give 
way  eafilv  if  wanted.  The  lemi-circular  end  of  the  arm  is  a 
lpring,  and  flips  on  to  a ball  from  the  prime-conduCtor,  or  the 
conductor  itfelf  (if  they  fit),  jar,  or  battery.  The  ends  of  it 
are  flat  and  broad,  as  reprefented  in  the  drawing  in  miniature, 
of  the  electrometer  at  fig.  2.  in  the  other  drawing. 

Fig.  2.  to  11.  fhews  the  internal  ftruCture  of  the  electro- 
meter. 

Fig.  1 2.  fhews  the  part  at  s that  lerews  into  the  ball  F,  to 
fupport  the  arm  g with  its  ball  r.  This  piece,  which  is  made 
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hollow  on  the  fide  next  the  wire  H,  fo  as  to  fit,  and  is  fc revved; 
in,  lo  as  to  prefs  again  ft  H,  ferves  as  a fpring  to  keep  the  ball 
F fteady,  which  Aides  up  and  down,  as  well  as  turns  round, 
on  H. 

In  order  to  make  the  divifions  of  Gi,  fig.  i.  exactly  a grain 
each,  firft  Aide  the  weight  m towards  the  ball  F,  fig.  i.  till  it 
is  an  exa£t  counter-balance  to  the  weight  in  F.  At  one  end  of 
the  weight  m let  the  divifions  begin  ; then  fufpendanv  tolerable 
pair  of  fcales,  fo  that  the  bottom  of  one  of  them  may  reft  on 
the  top  of  the  ball  r;  then  lay  the  ball  Ii  into  the.  fcale,  and 
Aide  the  weight  m near  to  Ii,  and  put  as  many  grains  into  the 
other  fcale  as  will  juft  raife  the  ball  Ii  in  the  fcale  ; then  mark 
the  arm  Gi  at  the  fame  end  of  the  weight  my  and  divide  the 
Apace  between  the  two  marks  into  as  many  parts  as  there  are 
grains  in  the  fcale,  which  may  be  divided  and  fub-divided  into 
halves  and  quarters. 

The  arm  G2  being  repelled  ftiews  when  the  charge  is  in- 
creafing,  &c.  ; and  Ii  tells  what  fuch  a repuifive  power  is 
between  two  balls  of  the  fize  of  thefe  in  grains,  according  to 
the  number  the  weight  m refts  at  when  lifted  up  by  the  repul- 
live  power  of  a charge.  The  longeft  end  of  the  index  K ftiews 
how  many  degrees  of  a circle  Gz  is  repelled';  and,  by  many 
trials,  according  to  the  number  of  grains,  the  arm  Gi  ftiews, 
when  it  is  lifted  up,  and  the  weight  m put  at  different  places, 
fiuch  reipeclive  numbers  of  grains  may  be  marked  on  the  leaf! 
graduated  circle  on  the  dial  plate  where  the  Aiorteft  end  of  the 
index  points  ; fo  that  when  all  the  grains  are  thus  marked  on  the 
dial  plate,  thus  afeertained  by  the  arm  Gi,  all  thefe  parts  of  the 
inftrument,  that  is,  the  ball  F with  the  arms  Gi  and  g may 
be  taken  off,  and  the  inftrument  is  then  graduated  to  be  ufed 
without  them  ; butT  do  not  know  how  the  grains  can  be  fo 
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■exactly  marked  and  afcertained  as  by  tliefe  parts  being  on 
the  inftrument : nor  do  I mean  to  confine  the  number  of 
grains  or  divifions  on  Gi  ; but,  I think,  my  experience  feems 
to  tell  me,  that  no  glais  to  be  charged , as  we  call  it,  with  elec- 
tricity, will  bear  a greater  charge  than  that  whole  repulfive 
force,  between  two  balls  of  this  fize,  equals  60  grains  weight, 
before  it  will  be  perforated  or  (truck  through.  Nay,  1 have  not 
found  many  inftances  where  it  would  ftand  50  grains;  and,  T 
think,  it  is  very  hazardous  to  go  more  than  45  grains. 

Thus,  by  knowing  the  quantity  of  coated  furface,  and  the 
diameter  of  the  balls,  as  Ii  and  r,  I would  fay,  lb  much  or  fo 
much  coated  furface  charged  to  fo  many  or  lb  many  grains 
repuliion  between  two  balls  of  fuch  or  lucli  a fize  would  melt 
a wire  of  this  or  that  lize,  or  do  fuch  a thing,  kill  fuch  an 
animal,  &c. ; and  if  balls,  wires,  or  arms  of  this  lize,  are 
found  too  fmall,  larger  may  be  made  on  the  fame  plan. 

In  refpeCt  to  the  advantages  of  this  electrometer  above  thofe 
now  in  ufe , I do  not,  perhaps,  know  them  all  ; and  left 
my  partiality  may  prejudice  me  in  behalf  of  my  own  con- 
trivance, would  rather  leave  them  to  the  judgement  of 
others ; my  opinion  however  is,  that  all  that  I have  feen 
or  heard  of  are  fuch  as  lpeak  no  intelligible  language, 
and  that  this  fpeaks  fo  as  to  be  underftood  univerlally  ; 
for,  unlefs  the  repulfive  power  of  the  charge  of  different 
srlaffes  be  very  different,  this  electrometer,  or  anv  other  elec- 

O - 

trometer,  made  after  this  manner,  muft,  I fhould  think,  fpeak 
very  nearly  the  fame  language,  it  being  known  how  much  coated 
furface  there  is,  and  the  fize  of  the  balls ; but  if  the  fize  of  the 
balls  be  not  the  lame,  the  language  the  inftrument  fpeaks  will 
be  verv  different.  Although  other  Electrometers  (hewed  a 
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greater  or  leffer  charge  or  power,  bv  an  arm  being  repelled  to  a 
greater  or  Idler  diffance,  or  by  ffriking  differently  at  different 
diffances,  yet  the  power  of  the  charge  was  not  in  any  manner 
afcertained  ; we  could  lay,  that  the  arm  or  index  was  repelled 
to  iuch  or  fuch  a number  of  degrees  of  a circle,  or  that  it 
ft  ruck  to  fuch  or  fuch  a diffance ; but  the  repulfve  power  of  a 
charge  to  repel  the  index  fo  much,  or  l'o  many  degrees  of  a 
circle,  or  the  flrength  of  the  charge  to  ffrike  to  fuch  a dif- 
tance  was  not  (that  I know  of)  in  any  manner  intelligibly 
aicertained.  This  fhews  it  by  the  weight  that  the  repulfive 
power  has  to  lilt  up  in  grains,  &c. ; which  weight  is  to 
be  proved  by  any  tolerable  pair  of  fcales  and  weights  ; and  I 
do  not  know  any  other  method  that  has  been  yet  tried  to  fhew 
the  dilferent  ftrength  of  charges  fo  good  as  that  of  repulfion. 

All  the  neceffary  parts  of  the  inffrument  being  made  of 
metal  and  glafs  that  is  pretty  ffout,  1 think,  the  eledfncity 
is  lefs  liable  to  efcape  than  by  wood,  See.  I have  tried 
reeds  on  account  of  their  being  light,  and  covered  them 
with  tin-foil,  or  gilded  them  to  make  them  good  condudfors  ; 
but  fo  frequently  found  inconveiiiencies  from  them  by  points 
riling  up,  the  celerity  of  moving,  and  the  different  weight  of 
them  at  dilferent  times  owing  to  moiffure,  change  of  the  wea- 
ther, and  the  like,  that  I have  laid  them  all  afide,  and  find  my 
prefent  inffrument  as  free  from  thefe  inconveniencies  as  I could 

expedt ; nor  is  it  liable  to  be  out  of  order,  if  proper  care  is  taken 
of  it. 
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XXV.  A new  Method  of  invefii gating  the  Sums  of  infinite  Series. 
By  the  Rev.  S.  VINCE,  A.  M.  of  Cambridge,  in  a 
Letter  to  Henry  Maty,.  A.  M.  Secretary. 


Read  June  6,  1782. 


s 1 R, 

HAVING  lately  dlfcovered  fome  very  eaiy  methods  of 
inveftigating  the  fums  of  certain  infinite  feries,  I have 
taken  the  liberty  of  requefting  the  favour  of  you  to  prefent 
them  to  the  Royal  Society.  I have  divided  the  fubjedl  into 
three  parts:  the  firfl:  contains  a new  and  general  method  of 
finding  the  fum  of  thofe  feries  which  de  moivre  has  found  in 
one  or  two  particular  cafes ; but  whofe  method,  although  it  be 
in  appearance  general,  will,  upon  trial,  be  found  to  be  abfo- 
lutely  impracticable.  The  fecond  contains  the  fummation  of 
certain  feries,  the  lafi:  differences  of  whofe  numerators  become 
equal  to  nothing.  The  third  contains  obfervations  on  a cor - 
reft  ion  which  is  necefiary  in  inveftigating  the  fums  of  certain 
feries  by  colle&ing  two  terms  into  one,  with  its  application  to- 
a variety  of  cafes. 

I am,,  &c. 


Cambridge, 
May  3,  1782. 
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L E M.  I. 

Let  r be  any  whole  number , and  then  the  fluent  of 


X 


I +X 


■can  always  be  exhibited  by  circular  arcs  and  logarithms  ; but 
when  x = i , the  fluent  of  the  fame  fluxion  will  be  exprejjed  by  the 

infinite  feries  i + — - — f &c.  the  Cum  of  this  femes 

' r+  i 2r  + i y + i J J J 

therefore  can  always  be  found  by  circular  arcs  and  logarithms. 

L E M.  II. 

a -f  b 

4*  x r-p  i . 4*  i 

— &c. 


To  find  the  fum  of  the  infinite  feries  — L—  _ — _Jl 

J i . r+i  r+i  . 

a+  ib 


+ 


2r  + i . 3r+  i 

Affume  i — — — — l 


r+  I 2r+  -i  3>  -{-  i 

r-f  I 2^+1 


4-  &e.  . — S ; therefore, 
4-  &e.  • • . = S. 


(A). =U  + = 

1*^  + 1 r-\- 1 . 2r  + 1 2r  -f  I • 3/  4*  i 

In  the  firft  feries,  add  together  the  1 ft  and  2d,  the  2d  and  3d, 
&c.  &c.  terms,  and  the  refulting  feries  will  evidently  be  equal 
to  twice  that  feries  minus  the  firft  term  ; therefore, 

(B), 

1 • 7 + 1 r + 1 . 2t  -f  1 2'  + 1 . 3'  T 1 

Now  A)  ' =L,  + .^-4+~ 

V r J r 1 . r4-i  / + I . 2/ 


— &C.  ...  = 2S  - I . 

«+7 


or 


/ 4- 1 • 2/  + 1 2r4-  1 . 3'  4-  1 


4-1  2r  4-  I . 3'  4-  1 
4-&C.  . . . ^ 


4~  ...  — - , 


+ - ~ * =L=z  4"  s===5=r-^==s=== 

r 1 . r 4-  1 r 4-  1 .2/4-1 


- &C .... 


N 


ow 
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Now  the  (urn  of  the  lower  feries,  omitting  the  hrfl  term,  is 


2S  — 1 


equal  to  — B divided  by  r % or  = — 2 - ; hence,  by  tranfpo- 

lition,  and,  multiplying  both  Tides  by  h,  we  (hall  have, 

b lb  0 b S , 2/;S  — r+  I . b , 

+ &c.  ..  = — \r 2 ; alio  by 


r + I . 2 r-\-  I 2r  -x-  I . y-\-  1 

I 

multiplying  B by  - we  have 


a 


+ 


- &C.  . . • = 


2 a S — o 


; fubtra£t 


I . r + I r + 1 . 2r+  I 2r  + 1 . 3/  + I 

the  laft  equation  but  one  from  the  laft,  and  we  ihall  have 


a + b + a + lb 


- &c.  . . . = 


'iro—  r + 2.ixS-rfl  + r+l  . b 


1 . r + I r-t-  1 . 2./  + 1 2r  + 1 • 3r+ *  1 


Cor.  i.  Hence  it  appears,  that  the  Turn  of  this  feries  can 
never  be  exhibited  in  finite  terms,  except  a : h as  r 4-  2 : ar,  in 

which  cafe  thefum  is  equal  to 


r -f  2 


5 


Hence, if#  = 2,thenr  — 1 ; 0 . 4 


See. . . . — 1 ; 


i*  = 1 ,b  = 4, then/-  = p,  A jf? ~It  ■ „ . IS  1S  . ,, 

6.  . 4 7 !i_+kc....=2, 

1 • • _ ~ . _ _ _ 1 . „ „ „ 

5 


9 + T3 


J7 


-J-  &c. 


I 

6 


= 4,3  = thenr  = ,7.23.  23.19 


20 


Cor  2.  Put  a~c  -b,  and  we  fhnll  have,  after  tranfpofition, 
c c 4-  b 


--f  1 . 2>4r  1 ar+i  • 3r+‘ 


~P  Sec. ...  — 


3'  + 


o . b - 2rc X S - 2 r 4-  I b+rc  _j_  c-» 


r-t-  X 


prop.  I. 


To  find  the  fum  of  the  infinite  feries  - -:f.  — ; 


+ 


m + n 


m 4-  2« 


v 


-f  1 . 3/'  4-  1 . 4'-+  1 4r  + 1 • 5r  + 1 * &■+  1 


+ &C. 


Every 
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Every  feries  of  this  kind  may  be  refolved  into  the  following 

•feiies  + _ ^f+J * = + &c.  for 

I,r+1  r+It2r+I  2/'+}»3'+l  3r  +1.4;  + I 

if  we  reduce  two  terms  of  this  feries  into  one,  it  will  become 

lor—  b 


+ “ 


1y(l  4*  2'  — I . h 


‘ 1 — — -4-  _ — 1 - _ — _ 

I . r + 1 . 2r  + i 2r  -f-  I . 3>'  + 1 . 4*  4-  1 <j.r  4-  t 5/  4-  j . 6r  4-  I 

where  the  denominators  being  the  lame  as  in  the  given  feries, 
and  the  numerators  alio  in  arithmetic  progreflion,  we  have 
only  to  take  a and  b fuch  quantities  th.at  the  refpedtive  nu- 
merators may  he  alfo  equal;  all u me,  therefore,  2 ya  — b — m, 

2rm  -f-  n 


2 ' <7  4-  4 — I . b 


&C. 


2 ra  + 2r  - 1 . b = m + n ; therefore,  b-  n , a 

2 r 4 r~ 

fubftituted  for  a and  b in  lem.  2.  gives 

m 4-  n tn  4.  2n 


W 


hich 


+ 


+ = 


1.  r 4-  i.2r4-i  2r4- 1 . 3r+i  . 4,4- 1 4r  4-  I . I . t>r  4-  i 

2 rm—  r 4-  1 * n v q _|_  2r  4*  1 - n — 2 rm 

2 r=  4, 3 

Let  r — 1 , and  we  have 


-P  &c.  . . . 


m m + n m+zn 

-p  *r 


1 -2.3  3-4-5  5-6.7 

It  7/7  = i , n — 3 


&c.  ...  — m ~ n . S -p  - 


77—  2W 


O’ 


+ 


I -.  2 . 

m—  1,72  = 0,  — - — + 


+ 


0 o-4-5 

I I I 


5-6.7 


+ 


•0  3-4-5  5-6.7 

Let  r=  2,  and  the  feries  becomes 

w m + n ;«4-2«  „ 4w— 3« 


-p&C. . . . 7 - 2S; 

4 

-P  5cc.  . . . = S — - . 

2 


1 . 


+ _^L±L+_JL!:fL+&c.  ...  ^ 


0 • 5 5 • 7 • 9 9 • 11  • *3 

1 ^ 


16 


s + 


57/-4OT 


o 9 


If  m~  1,  7;=  1, 
7/2=:  1,  n — o, 


+ 


1 -3*5  5-7-9 

1 1 


+ 


+ &C.  . . . = 4-  — ; 

l6  22 


+ 


~P 


9 • 1 1 • 1 3 

T 1 c Si 

+ &C.  ...  = - - - 
4 


8 


1 • 3 • 5 5-7-9  9 • 1 * - * 3 

Let  r t=  5,  and  we  fhall  have 

m . m + n J.^xS  ^ 

9T  OL.OT  t /v  p* 


I .6.  I I T’  1 1 . 16. 21*21  .29. 31 


12  5 


5 00 
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lim~  I,  i, 


m ~ i, n~o, 


+ 8fc. . . . r x S ■ ’ 1 


J25 


I.6.1I  1I.i6.2IT2I  .26.31 

1 1 i Si 

, 4- : -f- 7 4*  Sec.  1 • • — — — — • 

i.d.ii  11.16.21  2r.26.31  25  30 


5 00  » 


Cor.  If  2r  : r + 1 ::  n : m,  the  fum  of  the  feries  can  be  ac- 


m 


Curately  found,  and  will  be  equal  to 

1 2r.r+l 

m — r+ij  and  then  n — 2 ri  confeqnently 


Let  therefore 


— — ==  -f 


+ ■ 


— — -r ...  ~ L • 

I . 2r  4-  I 2f  4*  I • 4'  4*  I 4^  4*  1 • 6^  4-  I *•  2 r * 

which  is  alfo  known  from  other  principles. 

PROP.  II. 


m 


To  find  the  fum  of  the  infinite  feries  ---c, 

r + 1 • 2 / -f- 1 . y 4- 1 


+ 


m + n 


+ 


m 4-  2 n 


- 

- -f-  &C. 


•/  1 


11  r, 


3r4- I . + I • 5^4- 1 5^4- I . 6r4- I . 7r4- I 

• • • • * * -J  * , 

This  feries  refolves  itfelf  into 


c-\-b 


+ =l+lL=-&  c; 


r-\-  1 . 2r  4-  I 2r+i.y+i  3?- 4- I.  4/- 4- 1 
for  by  reduflioh,  as  before,  it  becomes 

2 cr — r 4-  I . b 2cr+r  — I . b ^ 2 WU\-$r—  I . b - "> 

r 4- 1 . 2r  + 1 • y 4-  i 3'- 4- 1 - 4r4-  i . 5^4-  1 5^4-  1 . Or  4- 1 . 7'  + 1 

where  the  denominators  are  the  fame  as  in  the  given  feries,  and 
the  numerators  in  arithmetic  progreffion  ; affume  therefore 

2 cr  — r + 1 . b — m9  2cr  + r—i  . b — m 4-  n,  hence  b — "r , 


sa  TTLfiL  which,  fubftituted  in  cor.  2.  lem.  2.  give 

^ , i 

m + n m 4-  2n 

— 4- — 1 — 1-—====.  4-  «==■  - 4 -&c. ... 


m 


r4-i  . 2r4- I • 3^4- 1 1 ♦ 4? 4- 1 ..5^4- 1 5r+  1 . 6r4-  i . 7/  4- 

2 *'4-  1 ■ n — 2 rm  ^ c ( 2 tut-*  y-¥i*n  t 2»'W  — r — I . n m 

- x b 4 ~ ■ " 4*  1 


3 


Vol.  LXXII. 


F f f 


. r+  I 


Con 
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Cor.  i . In  prop,  i . fubftitute  a for  m9  and  2 b for  n9  and-  vve  have 

a-\-lb  . a-\-\b 


~ ' ~ ~{~  - : -4-  ' 

l.r+t  2^  + 1 2r+ I . 3r+ I . 4'  + I V + I . 5;  * 1 . 6/  + x 


+ 


; 4*  8cc,  , 


ra  — r+i  . b ^ g _|^  2r  + I .b  — ra 


2 t: 


Alfom  this  prop,  fubflitute  a + b for  m9  and  2b  for  and  we  haw 

a + i ‘ + ih  +&C = 


+ 


r -f  I . 21  4-  1 . 3,  4.  1 3r  + 1 . 47  + 1 . 5,  4 i 

ra+b 


r + 1 . b — ra  q ra  — 2r  + 1 . b 

x o + — 5 p 


2 r3 


2 r1  x/  + I 

Subtiadf  this  latter  feries  from- the  former,  and 
2 '+*  + ^ &c....= 


J.r+i.^  + i r-f  1 . 2r+l  . y + 1 2r+i  .37-+1 .4r+i 

ra-\-nh 
2 r2  Xr-\ 


2’-a  — >-fi  . 2b  ^ 2^+1  .b  — ra  ra-\-2h 

rS  r**»  \ “ 

arxr+i 

Let  r — 1 , and  we  have 

. Sc c.  • • . — zci  — fb  x S -f 


a + b ^ a-\-2b 


nb-$a 


-&c =il-6S. 

4 


I.2.3  2.3.4  3.4.5 

If  a = 1 , b~  q, — 1 — 1 1 1 c~  __c  5 

1,2.3  2-3*4  + 3-4-5  & - -2S-  — ; 

tf=I,  £=2, — - , 

i-2-3  2.3.4  3.4.5 

Let  r = 3,  and  we  have 
1.4.7  4-  7 • 10 + 7 • 10. 13  — xS+~-^-l_. 

If  ^=1,^-0,  — -| 1 g—  _ 2 p 11 

1-4-7  4*  7 • 10  7 . 10. 13  OCC.  * . . — - o - — ; 

a - 1 9b-\  5 + — 3 &c  __  5 2 Q 

1.4-7  4.7.10  7.10.13  at ~~  54  ""  27  * 

If,  infteadof  fubftituting in  prop.  i.  a„d  « for  „ and  m. 

we  had  fubftituted  two  other  quantities,  as  2 r and  s,  and  then 
proceeded,  as  above,  a feries  would  have  been  formed,  the  nu- 
merators of  whofe  alternate  terms  would  have  formed  each  a 
a feparate  arithmetic  progreffion. 

2: 


If 


invefii gating  the  Sums  of  infinite  Series . 


If  the  latter  ferles  had  been  added  to  the  former  a feries 
'would  have  been  formed  whofe  terms  would  have  been  all  po- 
fitive  ; but  as  I purpofe,  in  the  fecond  part  of  this  paper,  to 
give  a general  method  of  fumming  all  l'uch  feries,  I fhall  not 
ilop  here  to  apply  this  method  of  invefligation. 

Cor.  2.  In  proportion  2.  fubflitute  a for  m,  and  2 b for 
n,  and  we  fliall  have 


a a-\-2b 

r-f- 1 . 2r  + 1 . 3/  + 1 y + I . 4'  + I .5^4-1 


+ &C . . . . — 


2>  + I . b — ra  q ra  — y+  1 . b ra  — r—\.b 

X O 4 T! r 


2r2 


2 1 ~ . r-p  I 


Alfo  in  prop.  i.  write  a - h fo r m,  and  ib  for  «,  and  there  refults 


a b 


+ 


a + 3h 


2r+ l . y+ l . 4-r+ 1 4r+  I . y-\-  I . 6r  + I 

a — b 


-P&C.  . . . = 


ra  — 2r  + 1 . b 0 . r + I . b — ra 

5 xb-| , - . 

2r3  r-pi  . 2r+  ! 

Subtradl  this  latter  feries  from  the  former,  and  we  lhall  have 

a a + b a + 2b 

oCC#  • • • 


r+I  . 2r-fl  . 3r+l  2r  + 1 . y -f  1 . I 3;-+  1 . 47-+  I . y + 1 

a — b 


2r+  i . 2 b—  2 ra  _ c , ra — 37-4-  r ,b  f ra  — r — \ . b 
— X O + _ x “ T x ; -f* 


2 r . r 4- 1 


r+  I . 2r  4-  I 


PROP.  III. 


To  find  the  fum  of  the  infinite  feries 


m 


I . r 4- 1 . 2r  4-  1 . y 4- 1 


+ 


m+  n 


m+2n 


2.r 4- 1 . y+  1 • V+  1 • 5r  + 1 4r  + 1 • 5r+  1 • 6r 4- 1 . 7r+  1 
This  feries  refolves  itfelf  into 

c a-\-b  , a 4-  2 b 


+ &C. 


+ 


i.r+i.2r+l  r+l.2r+l.y+l  2r  + I . y -f  1 . 4r  + I 
for  by  reduction  it  becomes 

F f f 2 


-&c. 


1 


ya-h 
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y-a-b 


+ 


3. ar  +•  4/  — . 1 . b 


I . / + I . 2r+i  . 3/  + I 2 r+  1 . y+  1 . 4 4-  1 . y 4-  x 

+ &C.  " 


+ 


3^*4-  8r  — I . b 


4r+  1 • 5'  4-  1 . br  -t-i  . 7/  4-  1 

where  the  numerators  are  in  arithmetic  progreffion,  and  the 
denominators  the  lame  as  in  the  given  feries  ; affume  therefore 

ya-b  = m,  ya+~y-  i . b = m + n,  hence  b = ” a = T”l±n- 

4 . 2 • 


I2>‘ 


lubfhtute  theie  values  into  cor.  i.  prop.  2.  and  we  have 

m n 


m 


= + 


1 . > 4-  1 . 2 4- 1 . 3 * 4- 1 2r  + 1 • 3r  4*  i • 4r  "I"  1 • 5r  4" ! 

m-\-2n 


+ 


4^4- 1 . 5r4- 


7^*  — +&C.  ...  =4-»-3  +?1»  s + 

I . 6r4- i . 7?'4- 1 b/4 


3r  4~  1 • n — 2m  rm  + n 

6r4  6r3 . r 4- 1 * 

Let  r = 1 , and  we  have 


m m + n 

' + 


1.2. 3. 4.  3.4.5. 6 +5 .6.7.8 

I 

4- 


12 


If  m~  i,n  — 1, 
m—if  n~  1, 
m=J,n=s, 


1 1 2 c 

1 • 2 • 3 • 4 3*4*5*k+yr67778+&c — - 3S~^* 

; + &c....  - * ‘ IS^ 


I 2 

■ + 


1. 2. 3. 4 1 3. 4. 5. 5+3.0. 7.0^ 


1 , 12  17 

+ ~ r + ' 


6 6 


1 • 2 • 3 • 4 ‘ 3 • 4 • 5 • 6 T5 . 6 . 7 . 8 + &c‘  * * * ~~  2 S r 


Let  r = 2,  and  we  have 

«+»  W2» 


1 . 


?»  + » 

4- + 


3*5*7  5*  7 *9* 11  9*  11  *13.  15 


+ &c =^Z^x.s_i9»-i6w 


12 


288 


If  m=zi,  n~ 3, 


/77—  1 , « no, 


1 -3*5*7  ‘ 5*7  *9*ii  + 9^TTyT5+&c fb~i'S5 


41 


1 


1 • 3 • 5 • +9 . 1 1 . rj77^+^-=~s-^  • 

m~ig,  n~i6.  1 35 51  T 

1 • 3 • 5 • 7 5 *7*9-  ii  + 9*u.  i2  .Tc  + &c*  •' = 7 s* 


Cor  If  * : m as  4r  : 3r  + 3>  tire  fum  of  the  feries  can  be  accu- 
rately had ; let  therefore  n = 4r  and  m = 3r  + 2,  and  vvc  lhall  have 

3r+2 
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i . 


r + I . 2r  + l . y f ; zr  + i . y + I y + i . $r+  i 


+ &c.  . . . r: 


2 r.  r+ 1 


If  r = I, 


-r 


+ • 


*3 


_ , . -4-&C.  ...  =—  * ; 

1 • 2 • 3 • 4 3 • 4 • 5 • b 5 • 0 • 7 • 9 4 


r = 2. 


+ 


r'  = 6? 


f-  • 2 &c.  ...  — — * 

• Q • I I Q . 1 1 . 1 3 T r * 

17 


1 • 3 • 5 • 7 5 • 7 • 9 • 1 1 ' 9 • 1 1 • 1 3 1 5 ' 99 


5 + JI  , *7  ■ __2 

I-7-13*I9  ' i3-19*25-31  ' 25  * 3x*  37  -43  336 


PROP.  IV.. 


‘To  find  the  Jum  of  the  infinite  f erics 


m 


m + n 


+ 


r + I . 2 r+  1 , 3/  + 1.4-41 
m + 2« 


+ 


3r  + I . 4r  4 \ . y + i . 0 r-f  i 5r-f-  i . 0r+  i . 7 r+  1 . b>  + I 


+ &C. 


This  feries  refolves  itfelf  into 

a a 4 b 


+ 


a-\-ib 


r + l . 2r  + 1 . y-\- 1 ar  4 1 . y -f  1 . 4/  + 1 y + 1 . y + 1 . 51-4-  i 

for  bv  reduction  it  becomes  = 


— & c.. 


ya  — r + 1 . b 


ya+y—l  ,b 


+ 


r+  l . 2r+  I . 3r+  1 . 4?  + I 

4-  &c.  where 


ya+  7r — I . £ 


3r+  I • 4^+1  • 5r+  I . 6 r+  I 5^+  I • 6r+i  . yr+  I . br-f  1 

the  denominators  are  the  fame  as  in  the  given  feries,  and 
the  numerators  alfo  in  arithmetic  progrefiion  ; put  therefore 

ya  — ry  1 ,h~m^  ya  + y-  i . h — m + n,  hence  b = 
a = 4rm which,  fubftituted  in  cor.  2.  prop.  2.  give 


w 


4~ 


= 4“  &c. ...  — 


r-\- 1 . ‘if 4~  1 ■ 3r  + 1 • 4r4~  1 3r  + 1 • 4r4"  1 • 5r  + 1 • 9r4- 1 

T + 2 . n — 4^m  c 2r;n  — 4^4-1.  n ( irm  — r—z.ri  yrm-zr-l.n 

1 x b d ^4  1-  T„  rr-T  + ~ 7 T=r 


1 2 . r5  . r4”  I I2r2  . r4- 1 . 2r+ I 


* Vide  vi  mot v re’s  Mif  Anal,  pag,  134. 


Cor. 
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Cor.  i.  la  prop.  3.  write  a for  wand  2 b for n,  and  we  have 

— * + - a+2b  - _>  &c _ 

i.r+i.2r-j-i.^r+i  2r  + i . $r-t-  i . 47-4-  I . $r  + I 

~ra~  3r  + 2 . b ^ gr-f  1 ■ b — r a ra  4-  2 b 

3r+  X 3r*  ~ oTTiTI  * 

Alfo  in  this  prop,  write  a + b for  m , and  zb  for  n,  and  we  have 

a-\-  b ' 


a + $b 


— - ■’  . ■■  ■■  ■ i — - -}-  ---  , . _J_  &CC  — 

r + 1 . 2 r-\-  i • 3r+  1 • 4r  4“  I 3r  + I . 4r  + I . jr  + i . 6r-{-  i 

3'  + 2 • h ~ 2rg  x g _i_  i . b ra  + 2b 2ra  + b 

3}  6r3  . r-(-  l 6r2  . r-j- I . 2r-f- i 

iubtraft  this  latter  fenes  from  the  former,  and  we  have 

=r~J=r-=  - i±j + SCC = 

1 * r + 1 • 2r  + i . 37-4-1  7-4-  l . 2r  + i . y + I . 47-  4-  i 

4r<7—  3r4~  2 . 2 b c ^r-f  i . 2b  — 2 ra  _ ra-\-2b  2 ra  + b 

3r*  37-*  r 


Let  r—  1,  and  we  have 

a 


a-\-b  n + 2b 

4-  : — &c.  . . . 


1.2. 3. 4 2. 3. 4. 5 3. 4. 5. 6 

I I 


3r3.r+i  6r2.r+i  . 2r+i  * 

4g-  *o l x g + ^3^~32^ 


Tf  a—  1,  b~ O, 

0=3,  3=i, 


■&C.  ...  — hs  - 


1 • 2 • 3 • 4 2T3T775  T 3 . 4 . 5 . 6 

1 &c  13 

1 * 2 * 4 a-3-5  3-4-6  *C 3 ^6* 


Let  r = 3,  and  we  have 


I - a + 2b  __*2a—22b  1027^-1  c6a 

1 • 4 . 7 . i°  4.7.io..3+7.i0.I3.,6  +J757T^T 

= 4 + 1 - 87»  »o 


1.4.7.10  4.7.  IO.  I3  7.10.13.16’ 


*124,3  = 3, 


'3-8i.56  3. Si 


— 1 l &c  _ 1 3 2 c 

1.7. 10  4.10.13  7.13.16  &C 72  27 S* 


Cor.  2.  If  a : b as  3r+.2  : 2r,  the  fum  of  the  feries  can  be  ac- 
curately found  ; take  = y + 2,  and  b = ar,  and  we  i hall  have 
3^  +2  47-4-2 


1 .r+i  ,2r+i  >3r+i  r+i  . ar+ 1 . 3r+ 1 .4^7 


+&c. . . . 


r+  1 . 2r-f  1 


If 
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3VJ 


*+•. 

1! 

fa-4 

5 

7 . 

9 

&c.  — • 1 . 

60 

1 .2.3.4 

2 • 3 • 4*  5 ‘ 3 

• 4*  5 • & 

1 

!! 

w 

>4 

2 

3 

4 

Arr  1 - 

* • 3 -5  • 7 

3 • 5 • 7 • 9 ' 5 

.7.9.  11 

IS 

r==3> 

1 1 

*7-  . 

23 

1.4.7.10 

4.7  . 10.  13  r 

7 . !0.  !3  . 

OC  L • • • « 

i(>  28 

PRO  P:  V. 


'To  find  the  fum  of  the  infinite  feries — _ = - m • — — j- 

J r.r+i  .ar+i  .jr+i  .4r+i 


m + n 


’+ 


m-\-  in 


2r-\- 1 . 3r  + -I  . 4r  + 1 . 5r  + 1 . 6r-(-  i 4r  + 1 .5*  + I .6r  + 1 . 7 r-\-  1 .8x  4 I 

This  feries  refolves  itfelf  into 


4-&c. 


a-\-b 


a + lb 


r + 1 . 2r-j-  X . 3r  + 1 . 4>'-j-  1 2r+  1 . 3^+  I . 4>'+  I • 5^4- 1 

by  reduction  this  feries  becomes  4'a~h 

+ 


I . r- {-  I . 2>  + 1 .37  + 1 

- &c. ; for 


4r<7+  br—  1 . b 


i . r + i. . ir  + 1 . y f 1 . 47-  + 1 

4 Sec. 


\ra- f-  I2r—  1 . b 


Ir 4-  1 -3>'+  I .4r 4 I .5^-+  1 . 6r+  I 4r+  1 . 5 r-\-  1 .0r+  I .jr+  I 8r+  I 

where  the  numerators  are  in  arithmetic  progreffion,  and  the 
denominators  the  fame  as  in  the  given  feries ; afl’ume  therefore 


— b — m,  4 ra  4-  6r  — i . b = m + n,  hence  b —~,a~ 


6rm  4 r. 


' Z~  5 


4 Va  * * - 6r’  24r- 

which  values^  being  fubftituted  in  cor.  i.  prop.  4.  give 


m 


m-\-n 


4~^^*  • . • — - 


1 . r 4-  1 . 2r  4-  I . y + 1 . 4r+  I lr+  1 . 3^4  1 . 4r  4 I . $>'+ 1 . br  4- 1 

Irm—  ir  + l . n 4r-f-  1 . » — Irm  6rnr+ Qn  2rm-\-n 

’"'"s  72.r+.r+i  24r3  . r-\- 1 . 2>‘4  !■ 


6 r$  * I2r3 

Let  r=  i,  and  we  have 


VI 


m + n m-\-ln 

; 4"  — — + : , 0~7.+^C» 


i,.2.3.4.5^3.4*5*&*7  5.6. 7. 8.9 


2 m—eqi  i^n—xbm 

X ^ 4“ 


6 


72 


if 
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mzz  i, « — i 


.. 

i • 2 . 3. 4 -5 

j_ — 4 

.3 -4* 5 *6* 7 5* 6.7- 8.9 

1 

1 1 ^ 

1. 2. 3.4-5 

‘ 3-4-5-6-7  ‘ 5. 6. 7. 8. 9 

1 

_j 

, - . + ——4 

25 


41 


4-&-C.  . . . rr  -S  — - ; 

3 9 

+ &c. . . , = | d S ; 

•&c»  . . . ~ - S — . 

3 3^> 

57 


CT  = 25,»=:  16,-  ' " g+~A  C ft  - + — 5 +&C....-=-S. 

1 • 2 • 3 . 4 • 5 ^ . 4 . 5 . o . 7 5 • ® • 7 • & • 9 3 


Let  r— 2,  and  we  have 


m 


7 . b . 9 


1 • 3 • 5 • 7 • 9 5.7.911.13 


~ -p  & C ' • » r — 


9 . 11  . 13  . 15  . 17 
If/«=  1 , o,  — — 4 


4.w—  47 
iy2 

+ 


x S + 


5q*-44w 
24 . 120 


* -3- 5-7-9  9 • 1 1 • i 3 1 5 . 1 7 

1 


x 1 1 

+ 5cc....r= -~S- 


'48  24. 30* 


I I 

— — 2,- — ; ; — “ 4 


:i  7 

4&c....  — — s-  ' 


1 • 5 • 7 • 9 9 • * 3 • 1 5 * 1 7 96’  24.60' 

Cor.  If  » : as  ir  : zr  + i , the  fum  of  the  feries  can  be  accu- 

rately  funnel  ^ ti fl u n 1 6 th.erctore  n — 2r,  w ~ 2r  + i , and  we  have 

i 


-& C.  . .. 


J.r+i  .3^4-1. 4r+x  2r  -f-  1 . 3r  + I • 5r  + I • 6r  4-  i 6 .r.r-j-  I . I 

Ii:'  ' “ 1 ’ 1.2.4  -5  + 3~.  4 . 6 . 7 + 5.6. 8 .9  + &c “ Jb  * 

— 1 1 1 1 

T~  3'  1.4. 10.  i3  + 7*.io‘.  16 . 19“^  13 1 16.22.25  + <ScC * 


Having  thus  far  explained  the  method  of  fummation 
of  fuch  feries  as  I propofed  to  treat  of  iti  the  firft  part  of 
this  paper,  I trufi  it  is  not  necefTary  to  fay  any  thing  fur- 
ther, as  the  fame  method  of  proceeding  will  manifeftly  con- 
tinue the  feries  to  any  propofed  number  of-fa&ors  in  the  deno- 
minator; I fhall  therefore  conclude  with  pointing  out  a re- 
mai table  piopeity  of  thofe  feries  whole  fum  can  be  accurately 
found  . that  when  the  number  of  factors  in  the  denominator 
is  even,  the  numerator  is  always  equal  to  the  fum  of  the  two 

5 middle 
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middle  factors;  and  when  the  number  of  factors  be  odd,  the 
numerator  will  be  equal  to  the  middle  factor,  and  confequently 
will  take  it  out  of  the  denominator,  and  leave  a fcries  whofe 
numerators  are  unity,  and  whofe  denominators  want  the  mid- 
dle faffor. 

The  method  of  fummation  of  feries  here  made  ufe  of  may 
alfo  be  applied  in  invefiigating  the  fums  of  a great  variety  of 
other  feries  ; but  as  a further  application  of  this  method  would 
carry  us  beyond  the  limits  to  which  this  paper  muft  be  con- 
fined, I (hall  re-affume  the  fubject  at  fome  future  opportunity, 
and  proceed  immediately  to  the  fecond  parti 


PART  IL 


PROP. 


To  find  the  fum  of  the  infinite  feries  - — 


n-'-m n + rm 


+ 


1 - _ _p s -p  &c.  when  the  lafi  difi 

....  n-J-r-p  I • m n -r  27/1  ...  . »-pr+  2 . r/i 
ferences  of  the  numerators  become  equal  to  nothing. 

Aflame  a -p  nb  -p  n . n -p  m . c -\-n  . n *P  n%  • n -p  2 in  • d -r  ^ 


any  number  (r)  of  terms  ; then,  if  for  n we  write  n + m,n+  zm* 
n+  3m,  &c.  fucceffively,  there  will  refult  a feries  of  quantities 
Vol.  LXXII.  G g g whofe 
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whofe  rta  difference  is  rro;  fubflitute,  therefore,  this  feries  of 
quantities  for refpe&ively,  and  the  given  feries  becomes 

afi-tib+  n . 71  -f  rn  . c 4-  Sec.  ( a + n 4-  m . b -f  // -j-  m . n + z m . c + &:c. 

= = 1 ■ -■  

n 4-  rrn  71+771  ~ 


n 4-  r 4-  l . fti 


^4*  n + 2/«  • b 4-  «4"  . «4~  Vn  ■ f-h  Sec 

= ^ : — ' 4-  &c. 

A 4-  2 m . . . . n + r+z  . m 

which  manileftly  refolves  itfelf  into  the  following  feries 


4-&c.- 


j/i  n+  2 m ...  . n 4-  r+  z . m 

b 

4*  Sec, 


2/rt  . ...» 4-  >'4-  i . m ti 4-  yn  . . . . n + r 4- 


2 . m 


~4-  &c. 


71 4”  2/77  ....  72  4"  77/1  w _L.  o . i _t  . n.  " > ~ — 

n-t  $>7i  _ ..  . A + r+  l ..m  77  + 4//;. » + r4-2.w 

&C.  &C. 

the  number  of  feries  is  r,  the  fum  of  each  of  which  being 
taken  by  a well  known  rule,  the  fum  of  the  given  feries. becomes 


+ . 


n.  71+771 71+r-l  . 771  . 771  . r 71+771 fl  + r-I  .rn.77l.TZ 7 

c 

■ — ' - 4. 

71  4-  1771  . ...  71  + r — I . 771  . 771  . r — 2 

where  the  law  of  continuation  is  manifefL 


+ 


case  i.  To  find  the'  fim  of  the  Infinite  feries 1 


+ 


TO 


+ 


15 


1 . 2 . 3 . 4 


+ 


^•3*4*5  3 • 4 • 5 * 4.5. 6.7 


-fr&C. 


Here  n 1,  m~  1,  r—  3,  and  the  third  differences  become 
2=0;  therefore  a + b 4-  ic  — 3,  a + zb-\-6c  = 6,  a + + i2c=  10, 

confequently  = ,,  b=i,  c = f,  and  therefore  the  fum  fought 
will  be ' -*  1 ■ 1 


r • * • 3 • 3 s . 3 *.  a.  2 * 3 3^ 


CASE 
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case  2.  To  find  the  fitm  of  the  infinite  feries  - — I— — h 

1 3 • 5 • 7 


\ 2 o 

+ 


4-  See, 


.3  • 5 • 7 • 9 5.7.9.11 

In  this  cafe  « = 1 , in  = 2,  r = 3,  and  the  3d  differences  become 
= o;  therefore  ^ 4- ^ -f  3c  = 2,  <7  + 3/;  + 15c  = 6,  ^ -f  5^  4-35C-  1 2, 
confequently  a = 3 = f,  c — and  hence  the  fum  of  the  re- 
quired feries  becomes  — . ? 1 T— . j 1 — _h 

1. 3. 5. 2. 3. 4 3. 5. 2. 2. 2’^.  2. 4 24* 


case  3.  "Xi?  find  the  fum  of  the  infinite  feries  - 


+.5.6.7.$ 


+ 


4. 5.6.7. 8.9  5.0.7.8.9.10  6.7.8.9.10. u 7.8.9.10.11.12 


r Sc.. 


-r 


Here  n — 3,  m — 1 , r = 5,  and  the  4th  differences  become  = o ; 
therefore  tf-f3^-fi2C-f  60^=1,  a -f  4 b 4-  20  c 4-  i 20  d — 2, 
a 4-  4-  30c  + 2 i oJ=  4,  -f  6^  42c  4-336^/=  12,  confequently 

a =s  — 54,  £ = 47,  c = - 12,  d — therefore  the  fum  of  the  given 
— 46  , 47 12  5 61 


feries  is 


.4. 5. 6. 7. 5 4.5.07.4  5.6.7.3  6.7.2.6  50400  * 


case  4.  To  find  the  fium  of  the  infinite  feries  ~ + 


+ 


25 


4-&c. 


4.7.10. 1 3 7.10.13.16 

Here  «=i,tfz  = 3,r  = 3,  and  the  3d  differences  are  = o ; there- 
fore a+  b + ±c  = 1,  a + \b+  28c  = 9,  + 7^  + 70^=  25,  confe- 

fequently  , b = ^ ^ = i ; /.the  fum  of  the  given  feries 

8 4 _ 37 


will  be 


1.4.7. 3-3*9  4 • 7 • 3 • 2 • 9 7-3*9  22t>d* 

Cg  g 2 CASE 
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case  5.  'To  find  the  Sum  of  the  infinite  Series T p 

1 • 3 - S’  7*9  ' 


+ 


10 


+ 


20 


3.5. 7.9.  n 5.7.9. 11. 13  7.9. 11. 13  15 


In  this  cafe  n = 1 , m - 2,  r = 4,  and  the  4th  differences  become 
= 0;  therefore  a + b + ic+  1 $d=  1,  a + 3^  + 1 5c  + 105^  = 4, 
a + 5&  + 35  c + 3l5d=  10,  ^ + ; £ + 63(7  + 693'’  = 20,  confe- 

quently  £ b - _3_,  d — .^,  and  hence  the  fum  of 

the  given  feries  becomes ^ 1-  3 1 

1.3.5.7.2.4.16  3-5.7.2.3.16 

1 1 £ — =_£_ 

5.7.2.2.16  7 . 2 . 48  364  * 


This  proportion  may  alfo  be  applied  to  find  the  fum  of  all 
thofe  feries  whofe  numerators  being  unity,  the  denominators 
fhall  be  deficient  by  any  number  of  correfponding  terms,  how- 
ever taken  : for  as  the  product  of  all  fuch  factors  muff  form  a 
progreflion,  whofe  differences  will  become  equal  to  nothing, 
if  fuch  products  be  affumed  for  the  numerators  of  the  given 
feries  having  its  factors  compleated,  another  feries  will  be 
formed  equal  to  the  given  feries,  whofe  fum  can  be  found 
by  this  propofition. 


> 

case  i.  To  find  the  fum  of  the  infinite  feries  i—  3- 

I » 2 • A.  « O 


2 • 3 • 5 • 7 3. 4.0.6 


; + &C. 


T l 


* *<  = 


By  completing  the  fadlors  in  the  denominators,  and  multi- 
. . , , . ; .*.  • . ’ . 
plymg  the  numerators  by  the  fame  quantities  the  given  feries 

r. + 


oecomes 


it 


— t _i_  . — 

1 • 2 . 3 • 4 • 5 * ^ 2v.  3 « ’4  • S *-6  * 7 3 4 5 4 6 . 7”  + 

in  which  cafe  n = 1 , = 1 , r = 5,  and  the  3d  differences  become 

w*  f.  .ft  % ^ Tf  u * 1 


^ 2* 


+ 


35 
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= 0;  therefore  a+b+  ic  — 1;,  a + zb+6i  = 24,  a 4-  3^4-  120  = 35, 
coniequentiy  = 8,  b — 5,  c = 1 , and  therefore  the  fum  of  the  ie- 

8 V 


ries  required  is  ■ — 


+ 


4* 


21 1 


2 • 3 • 4 • 5 • 5 2 • 3 • 4 • 5 • 4 3-4-5 *3  7^°° 


case  2.  To  find  the  fum  of  the  infinite  fries  - — 4- 


+ 


3 • 7 • *3  5 • 9-  *5 


' 4-  &c. 


This  feries,  when  completed,  becomes  — \- 

r 1.3.5.7.9.11* 

495  , >ooi  , 2755 + &c< 


4- 


3 • 5 • 7 • 9 • 1 1 • *3  5 - 7 • 9 • 1 1 * 1 3 - J5  7 •.  9 • 1 1 • J3  • l5  • 1 7 
where  »=i,  w=  2,  r=5,  and  the  4th  differences  are=o; 

therefore  # 4-  />  4- 3c  4- 1 = 1 89,  a 4-  3 b 4- 1 5c  4-  105^  = 495, 
a + 5^  + 3SC  4-315^=100 1,  <24-7^  + 6304-693^=  1755?  con- 
sequently ^ = 96,  ^ = 48,  0 = 10,  o?=  1 ; and  hence  the  fum  of 


96 


+ 


48 


+ 


10 


the  given  feries  is  — 

& 1 »3*5-7 -9*2-5  3. 5 • 7 « 9 • 2 . 4 5 • 7 • 9 • 2 • 3 

1.  487 


+ 


7 . 9 . 2 . 2 1^900 


- ' j 

case  3.  To  yW  the  fum  of  the  infinite  fries  - — — ^ + 


4- 


4 . 7 . ib  . 19  7 . 10 . 19 . 22 


4*  & c. 


This  feries  pefolves  itfelf  into 


70 


1 . 4 . 7 . 10  . 13  . 16 


+ 


r jO  ’ 


+ 


208 


7 — 4-  &e.  where  n = 1 ? 

4 . 7 . iO  . 13  . 16  . 19  7 , lO  y 13 . 16 . 19 . 22 

w = 3,  r=5,  and  the  3d  differences'  =0  ; therefore  a+b-t- 4^=  /°> 
a + 4^  + 2*80  = 130,  <z  + 7^  + 700  = 208,  from  whence  tf  = 54> 
bz=zt2,  therefore  the  fum  of  the  given  feries  is 

cE  *5^- 
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54 12 i 

* -4-7  • »o.  13.3.5*4.7-  13-3-  4 + 7 • 10 . 13 .3 . 3 ~ 


~~ ' ' ' • 

• UjOUO 


By  this  proportion  we  may  alfo  inveftigate  the  fum  of  the 
feries  when  there  are  any  number  of  deficient  terms  in  the 
denominators,  and  where  the  laft  differences  of  the  numerators 
become  equal  to  nothing ; for  if  the  factors  in  the  denomina- 
tors be  completed,  and  the  numerators  be  multiplied  by  the 
fame  quantities,  their  differences  will  flill  become  equal  tQ 
nothing. 


case  1.  'To  fnd  the  fum  of  the  infinite  feries 


1 • 3 • 4 • 0 


+ 


+ 


+ 


TO 


■f 


*5 


4~  See. 


2 • 4*5*7  3-5-0-6  4«*>«7'9  5.7.8..  10 

Tins  fe lie.?,  bv  completing  the  fadfors  111  the  denominators 
and  multiplying  the  numerators  by  the  lame  quantities,  becomes 
10  ca  168 

+ &C.  ill  which 


+ 


+ 


3 . 4 . 5 . 6 . 7 . 8 


1 . 2 . 3 .4 .5 . b 2. 3. 4. 5. 6. 7 
cafe  n~iy  m ~ 1 , r~  3,  and  as  the  5th  differences  are 
.*.  £ 4-^  4-  2£*4-  6^-f  24^=  10,  a 4-  zb  4-  6c  + 2s{d+  1 zoe=:  54, 
a + 3^  + 1 2C  + 60^4-360^168,  ^4- 4^4- 20C4-1 20^48401?=:  400, 
a + 5^T30<rT-2io^-f-i68od’=:  810,  from  whence  a~  o,  ^ = 0, 
czz  *"*  o,  ezz  confequently  the  fum  of  the  given  feries  is 


4- 

3 • 4 • 5 • 3 5 • 2 


dl 

180  * 


case  2.  To  find  the  fum  tf  the  infinite  feries 

$ L, 11  r 19 

3 • 5 *9 • 11  ~5  • 7 . 11 . ,3*7 . 9 . 13. 1 s+6CC* 

By  proceeding  as  before  this  feries  becomes 


1 -3- 7<9 


1 • 3 • 5 • 7 • 9* 


3$ 
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4°' 


35 


■ + ' 


99 


v C 7 n , , i r -+&c.  where  n=  i 2 r~A 

3*5-7*9-1*  5-7*9-ii-i3  1 ’ ’ ' 4* 

and  the  4th  differences  ==  o ; therefore  $d— 

a+3b+lSc+1°5d=3Si  a+5d+35c+3l5d=:  99. 

-\~^3c~sr-^93d  — 209.,  confequently  a=-i, 

d'—\,  therefore  the  fum  of  the  given  feries  “ — l 

43  1 • 3-5  • 7-2.4~ 

— 1 L 1 | I ~_J_ 

3 * 5 • 7 > 2 • 3 • 4 5 • 7 • 2 • 2 . 2 7*2*4  140 


By  a method  fimilar  to  that  made  life  of  m this  proportion 
may  any  number  of  fa£tors  be  taken  from  the  denominators  of 
thole  feries  delivered  in  part  the  firff,  and  alfo  from  a great 
variety  of  others ; but  as  the  examples  here  given  muff;  be  fuf- 
ffcient  to  point  out  the  method  of  proceeding  in  all  other  cafes, 
v?e  will  proceed  to  the  third  part.. 


P A R T III. 


THE  fum  of  every  converging  infinite  feries,  whofe 
terms  ultimately  become  equal  to  nothing,  may  always  be 
exhibited  by  the  fum  of  another  feries  formed  by  colledfing 
two  or  more  terms  of  the  former  feries  into  one.  This 
is  not  true,  however,  where  the  terms  of  the  infinite  feries 
continally  diverge,  or  converge  to  any  affignable  quantity, 

and 
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and  are  affeded  with  the  figns  -f,  alternately:  for 
mftance,  the  feries  f - .*  -f-  l - 4 ,-f-  &c.  if  we  colled  two 
terms  into  one,  beginning  at  the  firft  term,  will  become 

“ ~ ' “f-  &c.  If  we  begin  at  the  fecond  term  it 

2 • o 4 • 0 • 7 

becomes  ~ — [-- ! 7 -f-  &c. ; neither  of  which  gives  the 

ium  of  the  affirmed  feries ; but  in  this,  and  every  other  cafe 
ot  the  like  nature,  a correction  will  be  neceflary  : to  deter- 
mine the  value  of  which,  and  from  whence  the  neceffity 
thereof  arifes,  is  the  fubjed  of  this  third  part* 


L E M M A. 

If  r be  any  quantity  whatever  ^ then  will  — — L ~ I _p_  1 _ L ^ 

ir  r r r r 

& c.  ad  infinitum. 

For  - = -1--  (by  common  divifion)  - - - -f  - - I -f&c.ad 

2 f Y “J“  y * T Y y f 

infinitum. 

Cor.  1.  Hence  — — = — i -pd__  1 y 1 - Sec.  ad  infinitum. 

2 r r r r r 

Cor.  2.  Hence  alfo  z _ * -p  * _ 1 +&c.  ad  infinitum ; 

IV  V V V V 

and  - i—  = - - + - - - + - — &c.  ad  infinitum. 

. ‘IV  V V V V 


PROP.  I. 

T7t  7 w 

lJ  — ~ — he  the  general  term  of  a feries  formed  by  writing  for 

n any  feries  of  numbers  in  arithmetic  progrejion, , and  whofe 
figns  are  alternately  4-  and  - ; then  if  a feries  be  formed  by  col - 
5 ledting 


* invcfii gating  the  Sums  cf  infinite  Series.  4 9 

lecling  two  terms  Into  one , beginning  at  the  firjl  term , the  [urn  of 
the  femes  thence  arifing  will  be  lefs  than  thefum  of  the  given  Jeries 

bf  if*/*  ries  be  formed  by  beginning  at  the  Jecond  Term , the 

fum  thereof  will  be  greater  than  the  Jam  of  the  given  feries 

'by  i-, 

2 r 


F or  let  — — — be  any  two  fucceflive  terms  ofthe  feries, 

rn-\-m  n+a .r+m 

which,  if  we  begin  to  collect  at  the  firfl  term  (the  firfl:  term  being 
4-)  will  be  two  terms  to  be  colle&ed  into  one,  and  which  will 

therefore  give  for  a general  term  of  the  re- 

rn  + m X n -f-  a . r + tn 

fulting  feries.  Let  us  now  make  n infinite,  and  then  the  deno- 
minator of  this  term  becomes  infinite,  and  the  numerator 
finite;  therefore  the  terms  of  this  latter  feries  at  an  infinite 
diftance  becoming;  infinitely  fmall,  the  feries  will  there  termi- 
nate.  Now,  by  making  n infinite  in  the  given  feries,  the 
two  fucceflive  general  terms  at  an  infinite  diftance  become 

L - i ; confequently  this  feries  is  ftill  continued  after  the  other 

r r 1 

terminates ; and  the  terms  of  fuch  a continuation  will  be 
fas  they  begin  with  — — - — by  making  n infinite) 

v jo  rn-\-m  ji  + a.r  + m 

1 — I + I — i.  -f  &c.  which  will  alio  be  continued  ad  infill,  and 

r r r r 

whofe  fum  by  the  lemma  is  ~ ; confequently  the  given  feries 
exceeds  that  which  is  formed  by  collecting  two  terms  into  one, 
beginning  at  thefirfl,  by  ; hence  the  fum  of  the  latter  feries 

jl  L will  be  equal  to  the  fum  of  the  former.  If  we  begin  to 

2 r 1 
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colled  at  the  fecond  term,  then  will  - + 


. be  the 

rn  + m n + a . r + m 

two  fucceffive  general  terms  of  the  given  feries  to  be  collededinto- 
one;  confequently  the  continuation  of  the  given  feries  when  n be- 
comes infinite  will  be  - - 4 1 - I 4 - - &c.  ad  infinitum, 

V V 1*  v 


whofe  fum,  by  cor.  i.  to  the  lem.  is-  — ; in  this  cafe,  there- 

2 r 

fore,  the  fum  of  the  given  feries  is  lefs  than  the  fum  of  the 
feries  formed  by  colleding  two  terms  into  one,  beginning  at 

the  fecond  term,  by  -L ; hence  the  fum  of  the  latter  feries 
- ^ will  be  equal  to  the  fum  of  the  former . 


Case  i.  Let  the  given  feries  be  - — ~ 4 2 _ - -f  &c. 

2 3 ^5 

Here  r=  i,  n=  i,  2,  3,  4,&c.  and  m-  1.  Now,  if  we  begin 
to  collect  at  the  fiifl  term,  the  feries  refolves  ltfelf  into 

“ ~6~j  “ ^C'  anc*  t^ie  corre^on>  to  be  added,  being 

2 9 we  ^ave  “ r~-7^7~  t~ : -&c.  +-  for  the  fum  of  the 

• 3 4 • 5 0 • 7 2 

given  feries.  Now  ~ &c.  is  well  known  to- 

be  equal  to  — 1 + hyp.  log.  of  2 ; confequently  the  fum  of  the 
given  feries  is  = - -h  4 hyp.  log.  of  2. 

If  we  begin  to  colled  at  the  lecond  term,  the  feries  becomes 

77z  + + J76  + &c*  and  tlle  corre^ioi^  to  be  fubtradled,  being 

— , we  have  — - + + 4 &c.  - x-  for  the  fum  of  the  given 

feries ; 
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ienes  ; but  — • \-  — ~ + ——  4-  &c.  is  equal  to  the  hyp.  log.  of  2 ; 

therefore  the  fum  of  the  given  feries  is  = — - 4- hyp.  log.  of  2, 
the  fame  as  before. 


case  2.  Let  the  given  feries  be  - 


- + 3 + - 4-  &c. 
5 7 9 


Here  r=2,  77=1,  2,  3,  4,  &c.  m — 1.  Now,  if  we 

begin  to  collect  at  the  fecond  term,  the  feries  becomes 

— h_4-  -— 4 1 — p&c.  and  the  corre&ion,  to  be  fubtrafted. , 

5-7  9 • 1 1 

being;  - , we  have  — 4-  — — 4 - — f &c.  - - for  the  fum  of  the 

0 4 1 • 3 5*7  9 • 1 1 4 


given  feries ; but— — p_ 4- — - — 4-  &c.  is  equal  to  a circular 

1 - 3 5*7  9 • 1 1 

arc  (A)  of  22°i,  whofe  radius  is  unity;  therefore  the  fum  of 
the  given  feries  =A- 


PROP.  II. 


If  x + r‘%-  he  the  general  term  of  a feries  formed  by  writing  for 


w + nv 


n any  feries  of  numbers  in  arithmetic  progrcfjion , and  whofe  terms 
are  alternately  4-  and  - ; then  if  a feries  be  formed  by  collecting 
two  terms  into  one , beginning  at  the  firfl  term , the  fum  of  the 
feries  thence  arijhg  will  be  lefs  than  the  fum  of  the  given  feries  by 

If  a feries  be  formed  by  beginning  at  the  fecond  term , the 


2V 


fum  thereof  will  be  greater  than  the  fum  of  the  given  feries  by 


H h h 2 


For 
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For  let 


x 4 nz 

w-\-nv 


X -j—  /<  -p  u a 

w -f  - /:  -f-  a 


--be  an?  two  fucceflive  termsof  the 

. v 


S^ 


veil  feries,  which,  if  we  begin  to  colled!  at  the  fir  ft  term,  will  he 
the  two  general  terms  to  be  collected  into  one,  and  will  therefore 

give  : — — tor  a general  term  of  the  relultmg  feries. 

w 4 nv  x zu  4 ft  4' a • v 

Let  ns  now  make  » infinite  and  thenthis  term  will  vaniftgandcon- 
fequently  the  refulting  feries  will  terminate  at  an  infinite  diftance. 
Now,  by  making  n infinite  in  the  given  feries,  the  two  fuccef- 


iive  terms 


(as  they  begin  with 


x 4 rrz 

ZV  + HV 


x + n.+  a . % 
w 4 n 4 a . v 


by  making  n 


infinite)  become  % - - ; this  feries,  therefore,  is  ftill  continued 

' V V 

after  the  other  terminates ; and  the  terms  of  fuch  a continua- 


tion will  be 


V V V V 


■4  &c.  ad  infinitum,  and  whole  fum 


by  cor.  2.  to  the  lem.  is  ; confequently  the  given  feries  ex-  ' 
ceeds  that  which  is  formed  by  collecting  two  terms  into  one, 
beginning  at  the  firft,  by  -L  ; hence  the  fum  of  the  latter  feries 


• /* 

4-  — will  be  equal  to  the  fum  of  the  former.  Now,  if  we  begin  to 
colled  at  the  fecond  term,  then  will  -Lh—  q.  ~-+  n_fd ' 2 be  two 

w-\-nv  w-\-n-\-a . v 

general  terms  of  the  given  feries  to  be  collected  into  one  ; con- 
lequently  the  continuation  of  the  given  feries,  when  n becomes 

infinite,  will  be  + - -&c.  ad  infinitum,  whofefum 

V V V V 

by  cor.  2.  to  the  lem.  is  - — ; in  this  cafe,  therefore,  the  fum 

of  the  given  feries  is  lefs  than  the  fum  of  the  feries  formed  by 
collecting  two  terms  into  one,  beginning  at  the  fecond  term,  by 
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— ; hence  the  fum  of  the  latter  feries  - — will  be  equal  to  the, 

2V  2V  1 

fum  of  the former . 


case  1 . Let  the  fiven  feries  be  - — — f?  -f  See. 

3 5 7 9 

Here  x = 3,  % = 2,  w = 1 , v = 1 , n — 2,  4,  6,  8,  &e.  Now,.,, 

if  we  begin  to  collect  at  the  firft  term,  the  feries  becomes 

— 4-  — 2_  4.  Sc c.  and  the  correction,  to  be  added , being  . , 


3-5  7-9  11  • 13 

we  have  — 2-  + — — + 


3*5  7-9  11  • !. 


4-&C.  4-  1 for  the  fum  of  the  given 


feries;  but  if  A=  a circular  arc  of  45°  whole  radius  is 
unity,  it  is  well  known  that  7 


r——  + — b See.  = i ~ A 


S' 5 7-9  11-13 


therefore  the  fum  of  the  given  feries  is  2-  A.. 


case  2.  Let  the  given  feries  be  -1-  - — 4 3?  _ 2d  4- Sec.. 

1234 

Here  w=i,  v—i,  x = 1 6,  z — 1 1,  n — o,  1,  2,  3,  &c. 
Now,  if  we  begin  to  collect  at  the  firft  term,  the  feries  becomes 

JL-  4 — _5  ^c.  and  the  correction,  to  be  added,  being 

1 . 2 3 . 4 5 • 6 & 

— , we  have  — - — \-  — — |-  _J_  4-  Sec.  4-  — for  the  fum  of  the  given . 

2 1.23.45.6  2 0 

feries  ; but  + f—  + + Sec.  is  equal  to  5 x hyp.  log.  of  2, 


1 . 2 


confequently  the  fum  of  the  given  feries  is  equal  to 

iiq_  5 x hyp.  log.  of  2. 

2 


Becaufe 


axv—awx 


iv-rnvx  it’ 4-  n-\-a  . v 


, the  general  term  of  the  feries 

formed 


K*'. 


41  i Mr.  vince’s  new  Method  of 

formed  by  reducing  two  terms  into  one,  has  its  numerator  inde- 
pendent  ot  the  value  of,  n , it  is  manifeft,  that  the  numerators  of 
that  feries  will  be  all  equal.  Now,  if  a feries  be  afTumed,  the 
numerators  of  whofe  terms  are  unity,  and  in  every  other 
reflect  the  fame  as  the  feries  in  this  proportion,  that  is,  if 

—  ...1= — be  two  fucceffive  terms  of  a feries,  it  is  ma- 

zv  -j-  nv  iu  + n + a . v 

nifeft,  that  if  every  two  terms  of  this  feries  be  reduced 
into  one,  the  general  term  of  the  refulting  feries  will  be 

— =. . where  the  numerator  is  a confhunt  quantity 

w -f-  nv  X w + n -{-  a . v 

— av  ; conlequently  the  fum  of  the  feries  whofe  general  term  is 

a :x — is  to  the  fum  of  the  feries  whofe  general  term 

tv  -f-  nv  xw  + n + a . v 

is ~aa  ns  vx  — wz  to  - v,  or  in  a given  ratio ; 

vj  f nv  x iv  4-  n + a . v 

whenever,  therefore,  the  fum  of  the  latter  feries  can  be  found, 
the  fum  of  the  former  can  be  found,  and  conlequently,  after 
proper  correction,  the  fum  of  the  feries  in  this  propofition  can 
be  found. 

Hence,  therefore,  in  the  two  cafes  given  above  in  whatever 
arithmetic  progreffion  the  numerators  may  proceed,  the  fum  of 
the  former  can  always  be  exprefTed  by  circular  arcs,  and  the 
latter  by  the  hyp.  log.  of  2. 

Hence  alio,  as  it  appears  from  lem.  i.  part  the  firft,  that 
the  fum  of  the  feries  * — -y — L_  ~ — — + &c.  can  always 

i r-f  l n r + i y + i 

l)e  exp  relied  by  circular  arcs,  and  logarithms,  it  is  manifeft, 
that  if  the  numerators  form  any  arithmetic  progreffion,  the 
fum  of  Inch  ieries  may  be  found  by  this  proportion,  and  will 
always  be  exhibited  by  circular  arcs  and  logarithms. 


Befides 


4 r5 
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Befidcs  the  feries  contained  in  the  foregoing  proportions,  a 
great  variety  of  other  feries  might  be  produced  where  a cor- 
rection is  neceflary,  after  collecting  two  terms  into  one,  in 
order  to  exhibit  the  true  value  of  the  given  feries.  As  the 
proper  correction,  however,  may  always  be  found  from  tire 
principles  delivered  in  the  above  proportions,  that  is,  by  confi- 
dering  what  the  terms  of  the  given  feries  become  at  an  infinite 
diftance,  1 fhall  only  add  one  or  two  inftances  more,  and  con- 
clude what  I at  prefent  intend  to  offer  on  this  fubjeCt. 


ex.  i.  Let  it  be  required  to  find  the  fum  of  the  infinite  fieries 


3i4_4jJ  + 516_6._I  &c> 

1 -2  2.3  3.4  4.5 


l6 


This,  by  refolving  two  terms  into  one,  becomes  - — - — - +■ 
&c.  ; and  as  the  terms  of  the  given  feries 


24 


+ 


32 


3 • 4 • 5 5 • 0 • 7 

continually  approach  to  unity,  the  correction,  to  be  added , is 
- , confequently  --1'  — + -■ -2^-; +— 3— . _ &c.  + -f  is  equal  to 
the  fum  of  the  given  feries  ; but  by  prop.  1.  part  I.  the  fum  of 
the  feries  — — 1 + t~i~:  + &c-  is  eclual  t0  83  ~ 2 (S 

1-2.33.4.55.0.7 

being  the  hyp.  log.  2.)  conlequently  the  lum  of  the  given  feries 
is  8S  — 1 §. 


ex.  2.  Let  it  be  required  to  fi/rd  the  fium  of  the  infinite  fieries 
ill  _ L'Jl  4-  ill  - ili  + &C. 

1-3  3-5  5-7  7-9 

This  feries,  by  refolving  twro  terms  into  one,  becomes 

+ &c.  and  as  the  terms  of  the  given 

feries 


+ 


8 


+ 


1-3-5  5-7  -9  9 • 1 1 • J3 
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(cries  continually  approach  to  - , the  correction,  to  be  added , 

4 

will  be  4 ^ therefore  — - — H — --f — b &c. +-J-  is  = 

to  the  fum  of  the  given  feries  ; but  by  prop.  i.  part  I.  the  fum 

of  — 1 8 — 4 — f &c.  is  equal  to—  S +4"  (S  being 

1-  3-  5 5*7-9  9-n*I3  1 4 8 ^ 6 

a circular  arc  of  450,  whofe  radius  is  unity)  hence  the  fum  of 
the  given  feries  is  ~ S -f  - . 

This  method  is  not  only  applicable  to  thofe  cafes,  where  the 
given  feries  refolves  itfelf  into  another,  whofe  fum  is  either 
accurately  known  or  can  be  exprefled  by  circular  arcs  and  loga- 
rithms, but  alfo  to  thofe  cafes  where  we  want  to  approximate 
to  the  value  of  the  given  feries,  as  it  muft,  in  general,  be 
neceffary  firft  to  render  the  terms  of  the  feries  converging,  by 
collecting  two  into  one,  before  the  operation  of  approximation 
begins,  and  confequently  a correction  of  this  latter  is  neceffary 
■in  order  to  exhibit  the  value  of  the  given  feries. 


[ 4'7  3 
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XX  Vi.  A new  Method  of  finding  the  equal  Roots  of  an  Equation,  by 
Divifion.  By  the  Rev.  John  Hellins,  Curate  of  Con- 
dantine,  in  Cornwall  ; communicated  by  Nevil  Malkelyne, 
D.  D.  F.  R.  S.  and  AJlronomer  RoyaL 


Read  June  20,  1782. 


1 

rr^HE  following  theorems  are  a produdion  of  juvenile 
I years.  They  were  invented  about  twelve  years  ago, 
when  algebra  was  my  favourite  dudv ; and  one  of  them  (the 
find)  was  publidied  as  a fpecimen  of  this  method  of  extrading 
the  equal  roots  of  an  equation  about  ten  years  ago.  Since  that 
time  my  avocations  have  left  me  but  very  little  leifure  for  im- 
proving any  invention  of  this  kind.  Thefe  theorems,  then, 
are  in  their  crude  date ; however,  fuch  as  they  are,  I flattei 
myfelf,  they  will  adord  an  ealier  folution  of  equations  that  have 
equal  roots  than  is  generally  known,  and  be  acceptable  to  the 
ingenious  algebraid. 


theorem  I. 


If  the  cubic  equation  x 3 -px%  + qx-r  = o has  two  equal  roots, 
each  of  them  wilt  he  (x)  = —g--  ■ 


r>  E M o N S T R A T I O N. 

Call  the  three  roots  a , a , and  b\  then,  by  tne  composition 
of  equations  we  (hall  have  aab  = o,  where 
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2a  + b=p,  aa+iab  = q,  and  aab~r\  which  values  being 

written  in  our  theorem,  we  have  se  ( = llzEE. ) = 

•}jiaa  -f-  Aaah  + mb  4 'icbb—  qaah 2<r aa  — Anah  -}-  1alf> 

<6ab  -bzjjb—  baa  — I2ab  a«a  — 4^-j-  ibb 


-a.  Q.E.D, 


E X A M P L E I.. 

It  the  equation  + 5X*  ~ 32x  + 36  = o has  two  equal  roots,, 
it  is  propoied  to  find  them  by  the  above  theorem. 

Here  p = -5,  q=>  -32,  and  r=  —36;  thefe  values  being 

written  in  the  theorem,  we  have  x ~36  __  160  + 324 

• ••  • 2x25 -Ox -32  50+192 

= Jjf  = 3*  which  being  written  for  x,  the  equation  becomes 

S + 20  - 64  + 36,  which  is  evidently  = o ; confequently  2 and  2 
are  roots  of  it. 

Other  wife,  2,  the  value  of  x given  by  the  theorem,  being 
written  for  it  in  the  quadratic  equation  gx2  -f  io,v  — 32  = o,  the 
refult  is  12  + 20-32  = 0. 

Or, ^dividing  the  given  cubic  by  the  quadratic  we 

have  *2  - 4*  + 4). a;3  + 5V2  - 3.2*  + 36  (x  + 9 ; therefore  the  three 
roots  are  2,  2,  and  - 9. 

Example  il. 

Given  v3  _i_  4®oo  . 

+ T ~ 9261  = °5  311  equation  which  has  equal  roots, 

to  find  them. 

Here  q — o,  and  the  theorem  gives  ZJ.6o?°  xf9  = ~2Q  which 
...  . b 200x9261  Ti»  wnicl1 

value  being  written  for  * the  equation  vanilhes. 


THEOREM 


equal  Riots  of  an  Equation  by  Divifon. 


419 


theorem  II. 


J 


If  the  biquadratic  equation  x4  — px  +qxz  — rx  -\-s  ~o  has  two 

) — f>r  — 16s  p _ 

4A_*-3  P' 


equal  roots , make  A * > B = £nX» C “ IX+T»»  ami  D ~ 


and  you  will  have  x — 


3 pp-%1 
D-B. 


4 A+3/»7  ^ A~c 

A fynthetical  demonftration  of  this  theorem  would  be  very 


long  : tlie  investigation  is  as  follows. 

It  has  been  demon  ft  rated  by  the  writers  on  algebra,  that,  it 
a biquadratic  equation,  as  x4  — px* +qx* rx +s  — o,  has  two 
equal  roots,  one  of  them  may  be  had  from  the  equation 
4*3  _ 2 px'1  2 qx  - r = o.  Multiply  this  equation  by  a,  and  the 
original  one  by  4,  and  take  the  difference  of  the  two,  which  will 
be  px * — iqx' 1 4-  qr.v  — 45  — o.  Again,  if  this  equation  be  multi- 
plied by  4,  and  the  other  cubic  by  />,  and  their  difference  taken, 
we  {hall  have  $pp  — 8^  x a'  + iir—  ipq  x x +pr  — — o,  01 

v*  + I2r~2^  x 4^ - o,  or  x*  4-  Ax  + B = o,  putting  A and 
3PP-  8?  3 pp-%1 

B for  the  known  quantities  in  the  iecond  and  third  terms.  Now 
multiply  this  equation  by  4A,  and  take  the  firft  cubic  from  it, 
and  we  fhall  have  4A  4-  $p  x a2  + 4B  — 2 q x x + r — c,  which 
being  divided  by  4A  + $p,  and  C and  D put  eqaal  to 

4B-2y  anj — I — . refpe&ively,  gives  x*  4-  Cv  -p  D = o ; and 
4A+3B  4A+3B  p .. 

this  equation  being  taken  from  the  other  quadratic,  there  remains 

A^C  xa+B-D-o;  confequently  x = * ^E.  L 


COROLLARY  i.  From  tbs  above  inveftigation  it  appears,  that 
one  of  the  equal  roots  may  alio  be  obtained  from  either  of  thele 
two  quadratic  equations,  of  which  the  firft  fee  ms  moft  eligible,. 

I i i 2 
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as  the  co-efficients  of.  it,  are  lefs  complex  than  thofe  of  the 
other  v 

%pp  — 8^  x x*  -f  1 2r  - 2 pq  x a:  +pr  — 1 6s  s o, 

and  4A  + 3/  * a1  + 4B--  zq  x x + r~o.  And*  thdc,-. 
when  p = o,  become  -±$qx*  4-.  1 2™ 1 6s  q, 

and  -^  + ^'_2?x.v  + r = o,i. 

a V , 2J 

or  x — - a -f = o, 

2 ? f 

and  a2  + - - = Oi 

3r  6 

corol,  .2.  If  both  p and  7 vanifh,  then,  from  either  of  the 
quadratics  we.  get  x=±I,  perfe&ly  agreeing  with  the  cubic. 

pxz — 2^a2  41  s o,  which,  when p and  ^ vanifh,.  becomes 

3rx  — 45  = o.  And  this  equation  is  of  ule;  becaufe,  in  . this 

cafe,  the  theorem  fails,  one  of*  the  divifors  being  :no. 

♦ 

corol.  3.  From  the  equation  4A3  — $pxz  4*  2qx  — r — o,  which, 
when  ^ and  q vanifli,  becomes  4*3-r=_o,  we  alfo  get 

~ - ? another  expreffion  of  the  fame  value  of  a. 

corol.  4,  When  r=o,  D~o,  and  from  the  equation 
x1  + Ca  + D=: o,  we  have  x = - C. 

EXAMPLE  I. 

If  the  equation  * * * - p.r  + 4 a + 1 2 = o has  equal  roots,  it  is 
propofed  to  find  them. 


Here 
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equal  Roots  of  an  Equation  by  Di-vifon. 
He  re  ^=-0,  ^ = — 9,  r~  ~ 4,  andj=i2;  and 


A becomes  = 

B . . = 

C . . = 


12X  -4  _ 

-8 x -9  3 ’ 

—16  x — 12 — 8 

- 8 x~'9  ~ ~ 5 

4 X Y+l8 


4X1 


4 


D 


and 


5 * 


D-B- 


- Zi- 

— 1 s = 

j > 

t+T  18  + 32  50  _ 

, ,,  — n ~ 2 » 


A-C  “z2 -pH  “ -8  + 33  25 


4 


which  being  written  for  a*,  the  equation  becomes  16  — 364-  81 
+ 12  = 0;  therefore  2 is  one  of  the  roots. 

The  fame  value  of  a;,  may  be.  difcovered  from  either  of  the 
quadratic  equations  mentioned  in  corollary  1.  The  proper  values 
of  the  co-efficients  being  written  in  the  firft  of  them,  it  becomes 

,vs  - - x — ? = o,  where  one  value  of  x is  — ^ =•  2.  The 
3 3 3 

other  quadratic  becomes  y1  — — y + | = o,  one  of  whole  roots  is. 

IX+i/25_  „ 

8 


EXAMPLE  II. 


It  being  known  that  the  equation  v4  - - jxz  -f  1 3*  - 6 = o 

has  two  equal  roots,  to  find  them. 

Here  />  = 1 , <7  = - 7,  r-  - 13,  and  j = ~ 6 ; and  A = 


— 142  t>  __  83  p _ — 1 

59  1 ’ '"59’  39 1 

12800  j D-B  12800 
and 


D=  — , D - B = a-C 

39 1 23009 


23069 : 


A-C  12800 


= i,  one  of  the  roots  fought. 


The 
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The  fame  value  of  x may  be  found  from  either  of  the  two 
general  quadratic  equations  given  in  corollary  i.  From  the 

firft  of  them  we  get  one  value  of  * = — j . y\nc]  from 

59 

the  other,  one  value  = ~ , which  is  alfo  = i. 

59 1 
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Given  the  equation  .v4  — L ,v  + 4 o,  in  which  two  values 

2 16 

of  x are  equal  to  each  other,  to  find  them. 

By  corollary  a.  we  have  * = 1 *=  JL=  I . Bv  corol.  2 


T H E O R E M m. 

If  the  furfolid  equation  x‘  - px‘  + qxl  - rx'  + j#  - * * o to  /w„ 


equal  to  each  other,  and  you  make  A = ISlzM?  jj  = 

4 PP  — 1 ’ 4PP  — lOq* 

s 


Q- 


H = 


A-pp—  ioq  9 
F+  C 
A-.l> 


D = 


5B- 3? 


E = 


1 = 


5A  + 4/)’ 

^ ^ k = 


5£±2r 
5A  + 4/)’ 
C 

a~g’ 


B - E 


5A  + 4/>  1 - A-D  > 

then  fall  one  of  the  equal 


values  of  x be  = — • 

The  inveftigation  of  this  theorem  being  altogether  fimilar  to 
that  oi  the  lafl,  it  is  unneceflary  to  give  it  here. 

The  difference  of  equations  being  taken  as  in  the  inveftiga- 
rion  of  theorem  II.  it  will  appear,  that  one  of  the  equal  roots 
-may  alfo  be  had  horn  any  one  of  the  following  live  equations,  of 
which  fometiines  one,  Sometimes  another,  will  be  the  moft 
eligible. 


/ 


r 


1. 
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equal  Roots  of  an  Equation  by  Divijion . 

1 . 5*4  - 4 px*  + zqx'  - zrx  4 r — c. 

2.  px*  - 2 qx3  4 3rx * - qwc  4 5^  = o. 

3 ■ 4 Aa  4 Ba  4 ^ ~ o# 

4.  A'1  4 Da*  4 E.v  - F = 0. 

3 • x 4 Ga  4 FI  ~ o • 


It  is  obvious,  that,  when  p vanishes,  the  work  will  be  con- 
liclerably  fhortened ; and  when  both  p and  q are  wanting, 
though  the  above  formula  fails,  yet  the  equal  root  may  be  eafily 
obtained  from  the  equation  ^>a4  - iqx3  4 3 rx1  - 4JA  4 st  — o, 
which  in  that  cafe  becomes  ^rx*  — 4JA4  5^  = 0.  Whenever 
s is  wanting,  F,  in  the  fecond  cubic  above,  will  be  — o,  and 
confequently  x may  be  found  from  the  quadratic  equation 
a*  4 Da  4 E = o.  But  in  any  of  thefe  cafes  the  equal  root  may 
be  found  by  divifion.  However,  the  operation  probably  will  not, 
in  general,  be  fo  fhort  as  extracting  the  root  of  the  quadratic  ; 1 
will  therefore  haften  to  give  an  example  or  two  of  the  ufe  of 
the  theorem. 


Given  as  -\~x3  - a2  40*09433  = 0,  to  find  x9  two  values  of  it 


Herep  = o,  q — 1,  r=  1,  s = o,  t — -0*09433,  and  we  get 


EXAMPLE  I. 


being  equal  to  each  other. 


A = - i’5 


B =0 

C = 40*2358- 
D = 40*4 
E = -0*4238 


G = - 0*2231 
H =~-  o*i  241 
I = - 0*0972 1 
K = - o*i  85 


The  proper  -values  of  the  co-efficients  being  written  in  the 

five  equations  before  mentioned,  and  fome  of  them  divided  by 

thee 
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the  co-efficient  of  the  liigheft  power  of  we  have  thefe  four 
equations,  in  each  of  which  one  value  of  x is  one  of  the  equal 
ones  fought  : 

4-0*6*  - o*-4  = o. 
x%  - 1-5***  4- 0*23  <;  8 — 0. 
x*  4-0*4*  - 0*4238  = o. 
x~  — 0*2231*  — 0*1 241  = o. 

Now  the  moft  eligible  equation  is  the  quadratic  **  4-0*4*  — 
0*4238  — o,  whofe  affirmative  root  is-v/o^jS]  - 0*2  = 0*4811, 
agreeing  with  the" value  of  * found  above,  but  true  to  two 
places  lower  in  the  decimal. 

• EX  A M P L E II. 

To  find  the  two  equal  values  of  at  in  the  equation 
( 64*'  - 20X1, 4-3  = 0. 

The  given  equation  being  divided  by  64,  we  have 
- a:5 -0*3 125**4- 0*0468 75  = 0 ; and  then,  from  the  firft  of  the 

• five  equations  given  above,  we  get  J5*4  — 0*625*  = o,  and  x~ 

^0*125  = 0*5.  .But 'from  the  fecond  of  the  equations  juft 
mentioned,  we  have  0*93^5^  - 0*2343^5  = o,  or  *’  = 

234375  _0>i2  and <x </c'2  c = o* c. 

0-9375  v a a 

From  the  foregoing  few  pages  it  is  evident,  that  rules  may 

• be  made  for  finding  the  equal  roots  of  equations  of  more  than 
five  dimenfions  by  divifion ; but  the  operations  by  them  will, 

: in  moft  cafes,  be  long  and  tedious.  It  is  obvious,  however, 
rthat.  fuch  equations  may  be  deprefled  to  any  dimenfion  the  alge- 
braift  pleafes. 

A 

It  has  indeed  beetiTuppofed,  that  the  number  of  equations 

• that  have  equal  roots  is  but  fmall,  and,  confequently,  that  the 

chief 
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chief  life  of  the  rules  for  finding  their  roots  is  to  e^t  limits 
and  approximations  to  the  roots  of  equations  in  general  That 
ule,  it  muft  be  allowed,  were  it  the  only  one,  is  tufficient  to 
pay  for  in  vefti  gating  them.  But  if  the  equations  that  have 
equal  roots  fihould  hereafter  be  found  not  fo  few  as  has  been 
geni  i ally  received,  then  the  ufe  of  the  above  theorems  will 
become  more  extend  ve. 

I beg  leave  to  add,  that  this  (hort  efTay  is  but  a fmall  part  of 
a work,  in  which,  if  I fihould  ever  have  leifure  to  put  a finilh- 
ing  hand  to  it,  fomething  more  on  this  fubject  may  very  pro- 
bably appear.  In  the  mean  while,  I hope,  this  little  piece  will 
be  candidly  received  by  thole  who  have  more  leilure  and  better 
abilities  for  ftudies  of  this  kind. 

Comftantine, 

February  9,  1782. 
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XXVII.  Some  farther  Conf  derations  on  the  Influence  of  the  V ege- 
table  Kingdom  on  the  Animal  Creation,  By  John  Ingen-houfz, 
Counfellor  to  the  Court , and  Body  Phyflcian  to  the  Emperory 
F.  R.  S,  &c. 


Read  June  1 3,  1782. 

UPON  being  informed,  a few  months  ago,  as  well  by 
private  letters  as  from  the  Critical  Review,  that  my 
doCtrine  was  quite  over-turned  by  the  fifth  volume  of  Dr. 
Priestley,  and  by  an  experiment  quoted  in  the  book  of 
Mr.  cavallo  on  Air;  I invited  fome  of  my  friends  here  to 
aflift  at  iome  decilive  experiments,  of  which  I will  here 
give  an  exaCt  account.  I told  them  the  whole  refult  which 
was  to  be  expected  from  them,  if  my  fyftem  was  founded  on 
nature,  explaining  to  them  before-hand  the  theory  of  thefe 
reiults,  and  promifing,  at  the  lame  time,  that,  if  the  refult 
fhould  fail,  I fhould  myfelf  be  the  firft  to  difcredit  my  own 
fyftem.  I had  the  fatisfaCtion  to  convince  them  that  the  refult 
did  lully  anlwer  my  predi&ion  and  expectation.  Thefe  experi- 
ments are  the  following,  all  made  in  a hot  houfe  of  the  Bota- 
nical Garden  in  the  winter  of  1782. 

I expoled  to  the  lun-fhine  fix  globular  glafs  veflels,  each  con- 
taining about  160  cubic  inches  of  fpace,  all  filled  with  pump- 
water,  which  was  boiled  during  more  than  two  hours,  and 
poured  quite  hot  into  the  glafs  veflels,  on  purpofe  to  prevent 
any  accefs  of  air  to  the  water. 

5 Exp, 
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Exp.  I.  In  two  of  tliefe  veflels  I put  as  much  of  the  conferva 
rivularis  (a  water  plant,  clafled  by  linn*us  amongft  the  crypto - 
garni  a ) as  was  fufficient  to  take  up  the  fpace  of  about  an  inch 
fquare. 

Exp.  IT.  In  the  two  next  veflels  I fufpended  by  threads  tied  to 
bits  of  cork,  fome  pieces  of  woollen  and  fdk  cloth  ot  different 
colours,  as  white,  Icarlet,  green,  and  brown,  having  previoully 
wetted  them  in  fome  boiled  water,  on  purpofe  to  free  them 
from  all  air. 

Exp.  III.  In  the  two  remaining  veflels  I placed  nothing  at  all. 

Exp.  IV.  In  another  veflel  of  the  fame  form  and  fize  I put 
fome  of  the  conferva  rivularis , and  filled  it  with  pump  water. 

All  thefe  globular  veflels  were  inverted,  with  their  orifices 
immerfed  in  veflels  filled  with  quickfiiver,  for  the  purpofe  of 
preventing  effectually  any  communication  between  the  contents 

of  the  veflels  and  the  atmofphere. 

Refult  of  experiment  I.  The  firfl:  two  days  neither  of 
the  veflels  contained  any  air,  and  even  the  lmall  quantity 
of  air,  which  here  and  there  adhered  in  the  form  of  a bub- 
ble to  the  fibres  of  the  vegetable  wrhen  it  was  (hut  up  in 
the  veflel,  had  entirely  difappeared.  The  third  day,  in  the 
morning,  fome  air  bubbles  began  to  rile  from  every  pait  of  tbs 
conferva  in  both  glafles ; and  in  the  afternoon  of  the  fame  day, 
a great  quantity  of  air  bubbles  rofe  continually  from  it.  I took 
at  that  time  the  vegetable  out  of  one  of  thefe  veflels.  I plunged 
a wax  taper,  juft  extinguilhed,  into  the  orifice  of  this  veflel,  on 
purpofe  to  fee  whether  the  air,  already  extricated  from  the  con- 
ferva, was  dephlogifticated  or  not.  The  wax  taper  took  flame 
immediately  with  an  uncommon  fplendour.  After  this  I 

poured  the  half  of  the  water  from  the  globular  veflel  dnto  a 
common  bottle,  and  corked  it.  I inverted  this  bottle  afterwards 

Kkki 
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in  an  earthen  veflel  filled  with  boiled  water.  I placed  this  ap- 
paratus near  the  fire  till  the  water  in  the  bottle  began  to  boil ; 
after  which  I cooled  the  whole,  and  found  a good  quantity  of 
air  collected  in  the  bottle,  which  air  proved  to  be  dephlogifU- 
cated.  When  I drew  the  vegetable  out  of  the  glafs  veflel  I 
oblerved  the  water  to  fparkle  almoft  like  Seltzer  water,  or 
like  water  impregnated  by  art  with  fixed  air.  The  vegetable 
which  was  {fill  kept  in  the  fecond  bottle  of  exp.  I.  continued 
to  yield  aii  in  the  fun-fhme,  till  it  ceafed  to  throw  up  any  more 
air,  towards  the  feventh  or  eighth  day  of  its  being  fhut  up 
in  the  veflels.  \\  hen,  after  this  time,  this  globular  veflel  was 
fhook,  the  water  became  full  of  fmall  air  bubbles,  which  for 
the  moft  part  rofe  to  the  inverted  bottom  of  the  veflel, 
great  part  of  them  fettling  upon  the  vegetable,  which  appeared 
all  coveied  with  them.  This  fparkliug  air,  which  became  vilible 
by  (haking  the  glafs,  could  not  but  be  air  originally  produced 
by  the  conferva , and  fo  loofely  joined  with  the  water,  that  it 
if  engaged  ltfelf  in  a great  meafure  from  it  by  the  motion  of  the 
veflel.  After  the  tenth  day  the  vegetable  began  to  appear 
withered,  grew  yellow,  and  began  to  die.  I found  about  eight 
cubic  inches  of  dephlogifticated  air  colle&ed  in  the  veflel.  This 
proved  to  be  of  a very  eminent  quality,  its  goodnefs  being  of 
.352° ; that  is  to  fay,  that  from  a mixture  of  one  meafure  ofthis 
air,  and  as  many  meafures  of  nitrous  air  as  were  neceflary 
to  complete  the  full  faturation,  there  were  deflroyed  three  mea- 
fures and  ^ of  a meafure,  the  tefl  being  made  with  Abbe 

font  ana’s  Eudiometer, employedin  the  manner  defcribed  in  my 
book  upon  Vegetables,  p.  278.  etfeq . The  quality  of  this  air  was 
Superior  to  that  of  any  air  I ever  got  from  this  plant  in  frefh  pump 
water,  its  goodnefs  proving,  in  general,  to  be  from  260  to  330?, 
in  the  hot-houfe  ; this  was  during  the  winter,  for  I never  had 

been 
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been  able  to  obtain  {uch.  fine  air  from  this  vegetable  in  the 
iummer*  ; the  reafon  of  which  1 will  explain  elfewhere. 

Theory  of  exp  A.  Boiled  water,  having  loft  its  air,  is- verv  much 
difpofed  to  imbibe  it  from  ail  bodies  which  contain  this  fluid  ; 
and,  therefore,  during  the  fir  ft  day  or  two  of  its  expofure  to  the 
fun-fbine  with  the  vegetable,  this  water  abforbed  all  the  air 
which  the  plant  emitted  ; and  even  that  which  had  remained 
entangled  between  the  fibres  of  the  vegetable  when  it  was  im- 
merfed  in  this  water.  The  water  being  at  laft  faturated  with 
this  air  could  take  up  no  more;,  and  therefore,  whatever  air, 
alter  this  faturation,  came  forth  from  tire  vegetable  rofe  to 
the  top  ot  the  vefleL  The  quantity  of  this  dephlogifticated 
air  was  final ler  than  that  which  an  equaL  bulk  of  the  fame 
plant  commonly  yields,  in  frefti  pump  water,,  becaufe  a great 
deal  of  air  was  at  firft  taken  in  or  abforbed  by  the  boiled  water  ; 
which  abforption  does  not  happen,  or  at  leaft  is  not  fo  great., , 

* By  continuing  to  make  experiments,  during  the  whole  winter,  in  the  hot- 
houles  ol  the  botanical  garden,  I found  that  the  conferva  rivularis  yielded  deplilo— 
gilficated  air  of  a much  luperior  quality  to  that  I had  ever  been  able  to  get  from  it 
in  the  fummer,  in  the  open-  air;  whereas  thofe  plant?,  filch  as-  the  agave 
Americana,  c a this  triangularis,  &c.  which  yielded  in  the  iummer  the  bell:  air, 
did  icarce  yield  any  in  the  winter  (and.  that  of  a quality  fcarce  better 
than  common  air)  though  placed  next  to  the  conferva.  The  quantity  of 
dephlogillicated  air  I got  in  the  winter  from  the  conferva  was  fo  great,  that  as 
much  of  this  vegetable  as  occupies  about  the  fpace  of  one  cubic  inch  com- 
monly yielded  from  12  to  16  cubic  inches  of  this  air  in  the  fpace  of  three  or  four 
days,  when  the  lun  did  fnine,  the  quantity,  of  pump-water  being  about  160  cubic 
inches.  The  green  matter  which  Dr.  i>riesTley  mentions  as  fpontancoutly 
produced  from  pump-water,  gave  in  the  winter  alfo  a tolerable  quantity  of  dephlo- 
gilticated  air,  of  a good  quality,  though  not  fo  fine,  or  in  fnch  large  quantities,  as 
it  is  ufed  to  give  in  the  fummer.  It  feems  to  be  a general  rule,  that  the  greater 
the  quantity  of  air  obtained  fro  n vegetables  in  the  fun  is,  the  better  is  its  degree 
of  goodnefs. 
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when  pump  water  is  ufed,  as  this  water  is  always  nearly  fatu- 
rated  with  air.  The  air,  thus  obtained  in  boiled  water,  was  of  a 
'finer  quality  than  that  commonly  obtained  by  the  lame  means 
in  pump  water;  becaule  this  air,  being  entirely  free  of  air  dif- 
engaged  from  frefh  water,  muft  of  courfe  be  fo  much  the  purer 
dephlogifticated  air.  The  water  of  the  firft  veflel,  and  which  was 
taken  out  of  it  as  foon  as  air  bubbles  began  to  rife  from  the  plant, 
Iparkled  like  Seltzer  water,  and  yielded  by  heat  dephlogifticated 
air,  becaufe  it  was  then  already  laturated  with  dephlogifticated 
sir  iftiiing  from  the  vegetable.  The  water  of  this  veflel  being 
{hook,  after  the  vegetable  ceafed  to  throw  up  any  more  air  in  a 
vifible  wav,  ftill  -continued  to  fparkie ; becaufe,  though  the 
vegetable  bv  lofing  gradually  its  vigour,  was  at  laft  no  more 
able  to  throw  up  air  in  vifible  bubbles,  yet  it  had  ftill  enough 
of  its  vital  power  left  to  keep  the  water  faturated  with  dephlo- 
gifticated air,  fo  as  to  fparkie  when  (hook.  This  vegetable, 
continually  robbing  the  water  of  its  natural  air,  found  at  laft 
nothing  more  in  it  to  fupport  its  life,  and  therefore  at  laft  lan- 
guifhed  and  periihed;  which  it  did  fo  much  the  looner,  from  the 
contact  of  the  dephlogifticated  air,  with  which  the  water  was 
impregnated,  and  to  which  the  vegetable  had  been  all  that  time 
expofed,  having  hurt  its  conftitution  (it  is  well  known,  that  plants 
-die  in  dephlogifticated  air)  and  thus  haftened  its  death.  The 
fparkling  quality  of  the  water  did  not  ceafe  entirely  till  the 
vegetable  was  quite  deprived  of  its  life.  The  water  began  to 
fparkie  every  day  very  brilkly,  by  being  fhook  after  the  appa- 
ratus had  been  expofed  an  hour  or  two  to  the  fun-fhine,  during 
the  time  the  vegetable  was  in  its  full  vigour,  and  ceafed  to  do 
fo  fome  time  after  fuiV-fet,  or  after  the  apparatus  had  been 
withdrawn  from  the  lun’s  light ; becaufe  this  vegetable,  like 
all  others,  elaborates  no  dephlogifticated  air  but  by  the 
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influence  of  the  fun ; and  becaufe  this  air,  being  but  loofely 
united  with  the  water,  difengaged  it  ft  If  again  from  it,  and 
rofe  to  the  inverted  bottom  of  the  veffel.  The  water  being 
thus  deprived  of  the  dephlogifticated  air,  ceafed  to  fparkle  any- 
more, till  it  became  again  faturated  with  it,  after  the  apparatus 
had  been  expofed  again,  during  fome  time,  to  the  influence  of 
the  light. 

Rejult  of  exp.  II.  No  air  at  all  was  produced  in  the  veffel 
containing  the  pieces  of  cloth,  during  three  weeks  expofure  to 
the  fun-fhine. 

theory  of  exp.  II.  Boiled  water,  having  loft  its  air,  could 
yield  none,  at  lcaft  till  after  a long  time,  when  fome  degree 
cf  corruption  took  place  in  the  animal  fubftance,  viz.  the 
pieces  of  cloth. 

Refult  of  exp.  HI.  Not  an  atom  of  air  has  appeared  in  this 
veflel,  though  it  flood  about  two  months  upon  the  fame  place. 

Theory  of  exp.  III.  Boiled  water  having  no  an,  the  fun  coulu 

extricate  none  from  it. 

Refult  of  exp.  IV.  the  conferva  began  to  yield  air  bubbles  the 
very  fame  day,  a little  while  after  its  expofuie  to  the  fun.  T.  lit. 
next  day  it  threw  up  an  immenfe  quantity  of  them.  The  fifth 
day  it  begun  to  throw  up  lefs,  and  ceaied  entirely  about  the 
feventh  day,  when  the  quantity  of  about  fourteen  cuoic  inchv,» 
of  dephlogifticated  air,  of  an  excellent  quality,  though  lefs  fine 
than  that  obtained  in  exp.  I.  was  collected.  The  water 
fparkled,  as  does  Seltzer  water,  by  the  veffel  being  fhook.  This 
water  being  expofed  to  the  fire,  in  an  inverted  veffel,  yielded  a 
good  quantity  of  air,  which  was  fo  far  dephlogifticated  as  to 
be  able  to  kindle  a wax  taper  juft  extinguiihed.  After  the 

tenth  day  the  vegetable  began  to  die.  Thearv 
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Theory  of  exp.  IV.  The  vegetable  threw  up  very  Icon  air 
bubbles,  becaufe  this  water,  being  in  its  natural  Hate,  and 
thus  fatu rated  with  air,  could  not  abforb  much  of  the  air 
itflnng  from  the  vegetable,  which  air  mutt,  of  courfe,  foon 
rile  up  in  vifible  bubbles.  A great  deal  more  air  was  collected 
tnan  m exp.  I.  becaule  lefs  of  the  air  lfluing  from  the  plant  was 
ab  for  bed  by  this  water  than  in  exp.  I.  The  air  obtained  was  not 
lo  good  as  that  obtained  in  exp.  I. ; becaufe  the  air  in  this  expe- 
riment was  fomewhat  infefted  by  the  air  itf’uing  from  the 
wat^r,  which  was  but  common  air.  The  water  iparkled  when  the 
vcfiel  was  fhook,  becaule  this  water,  though  it  had  probably  loft 
fome  of  its  own  air,  yet  had  afl'umed  a great  deal  of  air  from 
the  plant  *, which  air  dilengages  itfelf  from  the  water  very  ealily, 
juft  as  fixed  air  does;  the  more  fo  when  the  water  is  moved. 


It  Teems,  that  dephlogillicated  air  has  by  no  means  fuch  a flrong  attra&ion  to 
v.ater,  in  other  words,  has  not  fo  much  affinity  with  it,  as  common  air  has  : it  ap- 
pears to  be  but  iooiely  united  with  water,  and  quits  it  very  enfily  by  the  water  being 
fhaken,  or  even  though  the  water  be  kept  quiet.  May  not  this  quality  be  looked  upon 
as  a providential  one  ? for  thus  the  depldogiflicated  air,  produced  by  water  plants  is 
continually  emitted  by  the  water,  and  diffufed  through  the  common  flock  ; and  for 
this  reafon  the  water,  when  fhook  during  the  day-time,  always  fparkled  as  cham- 
pagne ; becaufe  at  that  time  the  water  was  always  kept  faturated  by  the  dephlo- 
gnlicated  air,  ifluiug  continually  out  of  the  vegetable.  But  the  water  ceafed  to 
fparkle,  alter  having  been  withdrawn  from  the  fun-fhine  during  fome  hours ; 
becaufe  the  dephlogillicated  air,  with  which  the  water  was  faturated  during  the 
day-time  (fuppofing  the  apparatus  to  be  kept  expofed  to  the  fun)  being  but  loofely 
united  with  the  water,  difengaged  itfelf  gradually  from  it,  and  rofe  to  the  top  of 
the  vcffiel.  The  fparkhng  quality  of  this  water  returned  after  the  veffiel  had  been 
cxpoled  afrefh  to  the  fun  j becaufe  the  vegetable,  refuming  in  that  expofition  its 
daily  operation,  communicated  a frefh  fupply  of  dephlogillicated  air  to  the  water. 
T his  fparkhng  quality  returned  every  day,  as  long  as  there  remained  any  life 
an  the  vegetable;  after  which  the  water  fparkled  no  more  (though  fhook  ever  fo 
much)  either  by  day  or  in  the  night. 


This 
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1 his  water  yielded,  by  heat,  true  dephlogifticated  air ; 
whereas  the  fame  water,  when  it  has  not  been  expofed  to  the 
aflion  of  a vegetable,  yields  by  heat  nothing  but  common  air. 
The  reafon  of  it  is,  that  the  air  elaborated  by  the  plant,  with 
which  this  water  was  fat  11  rated,  was  real  dephlogifticated  air. 
The  vegetable  at  laft  languifhed  and  began  to  die,  becaufe  the 
water  was  impregnated  with  dephlogifticated  air,  which  being 
an  excrement  of  the  plant  is  hurtful  to  its  conffitution.  Be- 
fides,  this  water  had  at  laft  loft  the  moft  part  of,  or  perhaps  all, 
its  own  flock  of  common  air ; and  with  this  all  the  nutri- 
tive nourifhing  and  phlogiftic  particles,  which  were  taken  in  hv 
the  plant,  and  was  therefore  become  lefs  fit  to  keep  up  ve^c* 
table  life. 

All  thefe  experiments  were  repeated  frequently,  and  always 
with  the  fame  general  refults  *. 

I think  the  abovementioned  faffs  will  be  looked  upon  as 
quite  fufficient  to  put  my  doftrine  out  of  all  farther  queftion.  1 
have  many  more  faffs,  perhaps  equally  demonftrative  with 
thofe  juft  deferi bed  ; but,  as  this  paper  is  already  too  long, 
T will  keep  them  for  fome  other  opportunity.  However,  I 
cannot  forbear  making  fome  farther  remarks  by  which  the 
point  in  queftion  may  be  ftill  farther  illuftrated. 

If  it  was  the  water,  and  not  the  vegetable,  which  yielded  the 
dephlogifticated  air ; and  thus,  if  the  reafon  why  water  plants 
and  the  green  matter  ceafe  at  laft  to  throw  up  more  air  (if  the 


* That  air  is  thrown  out  of  living  vegetables  expofed  to  the  fun-fliine,  was 
already  obferved  by  the  rev.  Dr.  hales,  as  may  befeen  in  vol.  I.  of  his  Statical 
Eflays,  p.  no.  The  apparatus  which  he  ufed  for  this  experiment  is  reprefented 
by  fig.  XVII.  plate  VII.  But  this  ineflimable  philofopher,  not  even  fufpedfting 
that  this  air  was  of  a peculiar  nature,  did  not  colleitl  it.  sovlu  obtained  much 
air  from  vegetables  in  vacut. 
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water  is  not  renewed)  is,  that  the  water  being  at  laft  ex- 
hausted of  its  air  can  yield  no  more,  it  would  neceSSarily 
follow,  that  the  water,  thus  fuppofed  to  be  deprived  of  air, 
Should  be  Similar  to  diddled  or  boiled  water ; hut  it  is  quite 
the  reverfe.  This  very  water,  indead  of  being  exhauded 
of  air,  gives  evident  Signs  of  being  over  Saturated  with  it. 
It  fparkles  almod  as  champaign  does,  when  Shook  by  day- 
time in  the  fun  ; and  it  will,  when  it  is  at  that  time  feparated 
from  the  vegetable,  yield  by  itfelf  in  the  fun,  but  more  fo  by 
the  fire,  a good  quantity  of  dephlogidicated  air.  The  reafon 
why  the  green  matter  ceafes  at  lad  to  yield  more  air  is  therefore 
by  no  means  becaufe  the  water  is-  exhaufted  of  air ; but,  on 
the  contrary,  becaufe  it  is  too  much  faturated  with  it,  and  that 
with  an  air  hurtful  to  vegetable  life,  and  becaufe  this  water 
has  at  laft  loft  its  own  natural  air,  and  together  with  this  air 
the  nourishing  and  phlogistic  particles  which  are  neceflary  to 
keep  up  the  full  vigour  of  plants. 

If  it  was  the  water,  and  not  the  vegetable,  which  furnifhed 
the  dephlogiSlicated  air,  why  Should  the  air  bubbles  not  fettle 
indifferently  on  either  furface  of  the  leaves  ? In  this  fuppofi- 
tion,  how  could  that  admirable-  regularity  be  accounted  for,  by 
which  all  the  leaves  of  a vine  and  a lime-tree  are  fird  covered 
with  air  bubbles  on  the  under  lide,  and  all  the  leaves  of 
lauro-cerafus , at  the  upper  furface,  whichever  furface  of  the 
leaves  is  expofed  to  the  rays  of  the  fun  ? Why  Should 
the  air  always  fettle  on  moll  leaves  in  the  form  of  bub- 
bles, but  never  fo  upon  the  leaves  of  the  tropteolnm  majus , 
at  lead  during  the  fird  hours,  but  always  in  the  form  of 
bags,  adhering  to  the  upper  edge  of  the  leaves,  and  de- 
taching themfelves  when  they  are  grown  to  a certain 

Size, 


Vegetable  Kingdom  on  the  Animal  Creation . 475 

fize,  which  never  happens  with  leaves  of  a vine  or  lime-tree  *; 
whereas  the  green  {talks  of  this  plant  (the  tropseolum  majusj 
are  at  the  lame  time  all  covered  with  ieparate  air  bubbles  ? 
More  of  thefe  remarkable  appearances  in  different  plants  are  to 
be  feen  in  the  third  feftion  of  my  book  on  Vegetables. 

If  the  dephlogifticated  air,  obtained  by  means  of  vegetables 
in  water,  was  air  depofited  from  the  water,  and  purified  ot  its 
phlogifton,  by  remaining,  during  a certain  time,  in  contact 
with  the  vegetable,  it  would  follow,  that  this  air  would  be 
fo  much  the  purer  the  longer  it  remains  in  contadt  with  the 
vegetable ; but  it  is  quite  the  reverfe.  The  air  obtained  from 
the  leaves  of  a vine,  to  which  the  air  bubbles  flick  a long- 
while  before  they  detach  themfelves  and  rife  up,  is  never  by 
far  fo  much  dephlogifticated  as  is  the  air  obtained  from  fome 
American  plants,  out  of  which  the  air  ruffles  almoft  all  in 
continual  ftreams,  as  fo  many  fprings,  not  remaining  a fmgle 
moment  upon  the  leaves.  The  difference  of  both  airs  is  lo 
great,  that  I never  got  dephlogifticated  air  from  leaves  ot 
a vine,  lime-tree,  and  fucli  like,  whofe  goodneis  furpafl'ed 
260°  (it  is  commonly  a little  above  200°)  ; whereas  I got  com- 
monly, from  the  above  mentioned  American  plants,  an  an 
whofe  goodnefs  was  of  above  300  > fometimes  even  of  above 
250°,  in  a very  fair  day,  this  air  being  put  to  the  teft,  according 
to  the  manner  which  I have  defcribed  before  t* 

If 

* I have  explained  the  reafon  of  this  Angularity  in  that  plant,  in  my  book, 
where  it  is  mentioned  by  the  name  of  najlurtium  imlicurfi* 

The  fempervivum  tcBorum,  which  grows  almoft  every  where  upon  the  roofs 
of  houfes,  gives  alio  a very  great  quantity  of  dephlogifticated  air  of  an  eminent 
quality.  It  fliould  feem,  that  all  fleihy  plants  particularly  excel  in  the  quality 
of  yielding  fine  dephlogifticated  air,  and  a great  quantity  of  it.  The  agave  Ame - 
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If  it  was  the  water,  and  not  the  plant,  which  yielded  the 
dephlogifhcated  air,  the  quantity  of  air  obtained  would  bear, 
m general,  a proportion  to  the  quantity  of  the  water  employed-; 
but  this  is  by  no  means  the  cafe.  The  quantity  of  air  bears  a 
proportion  to  the  bulk  of  the  vegetable  much  more  than  to  the 
quantity  ot  the  water.  This  is  very  eafily  to  be  obferved  with 
iome  ot  the  above  mentioned  American  plants.  It  ought  to  be 
always  obferved,  that  if  too  many  leaves  are  crowded  together, 
they  thade  one  another  too  much ; and  therefore,  in  this  cafe, 
the  quantity  ot  air  obtained  wTill  be  proportionably  lefs,  and  its 
quality  worfe. 

Again  : it  the  dephlogifhcated  air,  obtained  from  plants  in 
water,  was  air  difengaged  from  the  water,  it  would  follow, 
that  a plant  limit  up  in  a tranfparent  glals  veffel  without  any 
watei  would  yield  no  air  at  all,  nor  increafe  the  quantity  of 
air  lhut  up  with  the  vegetable.  The  following  experiment,  I 
think,  will  be  lufficient  to  convince  any  one  that  this  is  far 
tioin  being  the  cale.  I placed  in  a glafs  tube,  hermetically 
teakd  at  one  end,  a piece  of  an  American  plant,  called  cereus  ; 
i!ie  extremity  of  this  piece,  where  it  was  cut  from  the  plant, 
WJS  ^ghtly  lqueezed  in  a fmall  glals  veffel,  in  which  only  as 
much  water  was  kept  as  feemed  to  be  required  to  keep  the 
cereus  in  f-hl  vigour.  I fmeared  the  vegetable,  and  the  orifice  of 
the  g'ia^  vcfiel  ah  around  with  foft  wax,  fo  that  all  communica- 
tion between  tne  air  within  the  tube  and  the  water  within  the 
Jmall  veliel  was  cut  ofr.  I placed  this  tube  inverted  in  a vefifel 
hlleci  with  quickfilver,  keeping  a column  of  lome  inches  of 


rkana  gives  fuch  a prodigious  quantity  of 
i often  got  from  one  Angle  leaf  abov 
JM' quality.  The  anHus  triangularis , 
owners  give  no  Icfs  3jr, 


dephlogiflicated  air,  that,  in  a fair  day, 
e 150  cubic  inches  of  this  air,  of  the 
cereus , fe/npervivum  arbor  urn , and  many 
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the  metallic  fluid  111  the  tube,  to  al1  ' t;e  air  within  the  tube 
to  expand  by  the  heat  of  the  fun  without  eleaping.  After  this 
apparatus  had  flood  during  a few  hours,  in  a bright  fun- Shine, 
I cooled  the  whole  to  the  fame  degree  it  poflefled  when  it  was 
expoled  to  the  fun.  This  was  done  by  plunging  the  whole  in 
a tub  filled  with  water,  whofe  degree  of  heat  was  reflored  to 
the  fame  degree  it  had  before.  I found  the  quantity  of  air 
within  the  tube  remarkably  increafed,  and  fo  far  dephlogifti- 
cated  that  a flame  burned  in  it  with  an  increafed  brieht- 
nels,  and  that  one  meafure  of  it  joined  to  one  meafure  of 
nitrous  air  occupied  0.64  ; whereas  the  fame  air,  before  it 
was  fhut  up  with  tire  csreus  was  of  inch  a degree  of 
goodnefs,  that  one  meafure  of  it  with  one  of  nitrous  occu- 
pied 1.06.  Though  this  experiment  may  fully  (hew  that 
plants  throw  out  air  in  the  fun-fhine,  yet  if  another  plant, 
which  does  not  by  nature  yield  fo  much  air  as  the  cercus  com- 
monly does,  is  fhut  up  in  a fimilar  tube,  and  expofed  to  tiie  fun, 
the  fame  effect  will  not  always  be  obtained.  The  reafon  of  it 
is,  that  plants  abforb  a good  quantity  of  common  air  as  their 
nourishment  at  the  lame  time  that  they  throw  out  dephlogifti- 
cated  air.  This  fact,  therefore,  if  confidered  by  itfelf,  will  not  be 
looked  upon  as  equally  demonstrative  with  the  above  mentioned 
ones.  I he  refult  of  this  experiment  may  depend  on  the  more  or 
lei's  vigour  of  the  vegetable  employed,  on  the  more  or  lels  bright-* 
nels  of  the  lun’s  light,  on  the  more  or  lefs  heat  the  vesre- 
table  receives,  &c.  A cereus  being  a plant  of  hot  climates  may 
bear  more  heat  than  an  European  plant.  All  thefe  circum- 
stances, as  well  as  many  others,  may  make  the  ifl'ue  of  this, 
experiment  Sometimes  ambiguous ; but  the  fa£t,  as  1 have  re- 
lated it,  joined  to  the  above  mentioned  analogous  experiments 

of 
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of  Dr.  hales  and  Mr.  boyle,  will  add  ftrength  to  my  aflertion, 
viz.  that  vegetables  really  throw  out  air  in  the  fun-fhine. 

O j 

If  all  what  1 have  laid  hitherto  fhould  not  be  thought  fuffi- 
cient  to  take  away  the  prejudice  which  Dr.  Priestley’s  fifth 
volume,  and  Mr.  cavallo’s  book  on  Air,  may  have  produced  in 
the  mind  of  feme  philofophers,  I fhould  advife  them  to  be  pre- 
fent,  at  leaft  once,  at  the  mold  beautiful  ficene  which  they  will 
behold,  when  a leaf  of  an  agave  Americana , cut  in  two  or  three 
pieces,  is  immerfed  in  a glafs  hell  or  jar  full  of  pump-water, 
inverted  and  expofed  to  the  fun  in  a very  fair  dav  in  the  middle 
of  the  fummer,  when  this  plant  is  in  its  full  vigour ; and  when 
they  fhall  have  feen  thofe  beautiful  and  continual  ftreams  of 

j 

air,  which  rulh  from  feveral  parts  of  this  vegetable,  princi- 
pally from  the  white  internal  fubftance  of  it,  I will  be  an- 
fwerable  for  their  laying  afide  all  farther  doubt  about  the  truth 
of  my  doctrine. 

After  having  now  demonftrated,  as  I think,  in  the  cleared: 
manner,  that  vegetables  diffufe  through  our  atmofphere,  in 
the  fun-fhine,  a continual  Ihower  of  this  beneficial,  this  truly 
vital  air;  and  that  plants  immerfed  in  water,  far  from  robbing 
it  of  all  air,  impregnate  it  fully  with  a better  and  more  fa- 
lubrious  air;  let  us  not  pafs  fo  wonderful,  and  hitherto  not 
even  Jo  much  as  fufpedted,  an  operation  of  nature,  without  ad- 
miring the  deligns  of  that  infinite  wifdom,  who  has  employed 
fuch  hidden,  fuch  wonderful,  and  at  the  fame  time  fuch  bene- 
ficial means  to  preferve  from  deftrudlion  the  living  beings  which 
inhabit  our  earth  ; and  let  us  confider,  whether  it  would  not 
be  worth  while  to  attempt  drawing  fomc  benefit  from  this  new 
difeovery,  by  making  ufe  of  velfels  of  water,  in  which  lbme 
leaves  of  vegetables  have  been  expofed  in  the  fun-fhine  ; by 
placing  fuch  veflels  in  our  rooms;  by  ftirring  the  water;  by 
2 fprinkling 
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fprinkling  with  it  our  floors  inftead  of  ufing  for  this  purpofe 
common  water ; by  placing  within  our  houfes,  inftead  of 
flower-pots,  difhes  containing  fome  conferva  rivularis , a plant 
tor  be  met  with  almoft  every  where,  fhooting  forth  with  the 
utmoft  luxuriancy  in  all  water  bafons,  in  all  tubs  and  veflels  in 
which  water  is  kept.  Is  it  poftible,  after  all  this,  not  to  believe, 
that  the  Creator  has  multiplied  this  vegetable  with  a limilar  view 
to  our  benefit  ? This  benefit  we  may  now,  with  fome  confidence, 
apply  to  our  prefervation,.  by  honouring  this  vegetable  with  a 
place  in  thofe  of  our  own  rooms  which  are  expofed  to  the  fun,  and 
keeping  it  alive  as  long  as  we  pleafe ; which  may  be  done  by  only 
pouring  every  day  freflt  water  upon  it,  and  fqueezing  gently  now 
and  then  out  of  it  the  dephlogifticated  air  with  which  the  whole 
rnafs  fwells  up  almoft  as  foon  as  the  fun  cafts  its  rays  upon  it. 
The  water  itfelf,  in  which  it  has  been  immerfed,  will  now, 
perhaps,  be  looked  upon  as  too  precious  to  be  thrown  away  as 
ufelefs  and  deprived  of  that  very  principal  of  animal  life,  of 
which  1 have  demonftrated  it  to  be  highly  pregnant. 
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I'EsK  Microfcopic  Description  of  the  Eyes  of  the  Mono- 

culus  Polyphemus  linnjei.  By  Mr.  William  Andre,  Sur- 
geon ; communicated  by  Sir  Jofeph  Banks,  Bart.  P.  R.  S. 


^ME  Wonderful  ftru&ure  of  the  eyes  of  infers  in 


general,  mod:  commonly  iliuferated  by  that  of  the 
Dibellula , or  Dragon  -fly,  cannot  fail  of  ftriking  with  aflonifh- 
ment  the  natural  if!  who  inveffigates  the  works  of  the  oreat 
Cicatoi  in  his  moll  minute  productions.  According  to  lewen- 
hofk,  hook,  and  others,  the  cornea  bf  moft  infebls  are  made 
np  of  an  infinite  number  of  fmall,  tranfparent,  horny  lenles, 
each  lefembhng,  in  fome  degree,  a fmall  magnifying  glafs. 
This  fit  uflure  prevails  111  the  cornea  of  infects  111  general  ; but 
the  Monoculus  Polyphemus , or  King  Crab , is,  among  others,  an 
exception  to  this  rule. 

The  Monoculus  Polyphemus , or  King  Crab , is  a cruflaceous 
animal  found  in  all  the  leas  furrounding  the  continent  of  Ame- 
rica and  the  Weft  India  iflands,  and  which  frequently  grows  to 
a very  large  fize  *.  I fhall  deferibe  fo  much  of  the  Monoculus 
only  as  is  neceffary  to  point  out  the  fituation  of  the  eyes,  which 
have  been  looked  upon  as  two  in  number  onlvf,  though  in 
reality  they  are  four.  The  largefl  piece  of  the  cruflaceous 
coveiing  of  this  animal,  when  leparated  from  the  reft  of  the 
fhell,  has  very  much  the  fhape  of  a barber’s  bafon,  or  the  fore- 
* I3ossu‘s  Travels,  vol.  I.  p.  368, 
t i-innjei  Syftcma  Naturae,  tom.  I.  p.  1057. 
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part  of  a woman’s  bonnet.  The  eyes  are  a part  of  the  fhell, 
or,  as  linn;eus  expreffes  it,  they  are  tejlce  innati *.  They 
may  be  diftinguifhed  by  the  terms  large  and  fmall,  or  lateral 
and  anterior.  If  the  fhell  were  divided  fairly  in  half,  the  large 
eyes  would  be  nearly  in  the  center  of  each  piece,  and  the 
fmall  ones  on  the  divided  edge  near  the  fore-part  of  the  fhell. 
The  large  eyes  are  at  a great  diflance  from  each  other  ; but  the 
fmall  ones  are  clofe  together.  It  will  appear  hereafter,  that 
the  large  eyes  are  made  up  of  a great  number  of  fmall,  tranfpa- 
rent,  amber-like  cones,  and  that  the  fmall  ones  are  compofed 
of  one  fuch  cone  only  ; fo  that  they  may  be  divided  into  eyes 
with  many  cones,  and  eyes  with  a fingle  cone  -j-.  The  large  eyes, 
or  thofe  with  many  cones,  appear  as  two  tranfparent  l'pots 
about  the  fize  and  nearly  of  the  fhape  of  a kidney  bean,  the 
concave  edges  looking  towards  each  other,  and  the  convex 
towards  the  edge  of  the  fhell.  If  they  be  examined  atten- 
tively, we  may  difeern  on  their  furface  a number  of  fmall  de- 
prefiions,  which  point  out  the  center  of  each  cone.  The 
fmall  eyes,  or  thofe  with  a fingle  cone,  look  like  two  fmall 
tranfparent  fpots,  not  larger  than  a pin's  head  ; thefe,  from 
their  minutenefs,  are  eafily  overlooked,  fee  fig.  1.  where  A.A. 
fhew  the  large  eyes,  and  B.B.  the  fmall  ones. 

The  appearances  which  I have  deferibed  may  be  feen  on  the 
external  furface  of  the  fhell  with  the  naked  eye ; but  in  order 
to  proceed  to  a further  inveftigation  of  the  fubjedt,  the  cor7:c<z 

* This  being  the  cafe,  tjie  eyes  can  enjoy  no  motion  ; in  which  particular,  as 
well  as  in  lome  others,  the  Monoculus  Polyphemus  differs  from  the  genus  of  crabs, 
whofe  eyes  are  placed  on  petioles,  or  ftalks,  and  are  moveable. 

f The  Greek  words  coU'?  xa w,-,  and  ^0»o;  xuvoc,  would  exp  refs  the  fenfe  in  a more 
concife  manner.  Ocul'i  polycotiict  et  oculi  monocomci. 
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muft  be  removed  from  the  Ihell,  and  applied  to  a fingle  mi- 
crofcope  with  a very  ftrong  light. 

The  internal  furface  of  the  large  eyes,  examined  with  the 
microfcope,  is  found  to  be  thick  fet  witn  a great  number  of 
fmall,  tranfparent  cones,  of  an  amber  colour*,  the  bafes  of 
which  hand  downward,  and  their  points  upwards  next  the  eye 
of  the  obferver  +.  'T  'he  cones  in  general  have  an  oblique  direc- 
tion, except  fome  in  the  middle  of  the  cornea. »,  about  thirty  in 
number,  the  direction  of  which  is  perpendicular.  The  center 
of  every  cone  being  the  moft  tranfparent  part,  and  that  through 
which  the  light  pahes  ; on  tiiat  account  the  perpendicular  or 
central  cones  always  appear  beautifully  illuminated  at  their 
points.  In  a word,  they  are  all  fo  diipofed  as  that  a certain 
number  of  them  receive  the  light  from  whatever  point  it  may 
hiue,  and  tranfmit  it  to  the  immediate  organ  of  light,  which 
we  may  reafonably  fuppofe  is  placed  underneath  them  ; but 
this  laid  circumftance  can  only  be  determined  in  a recent  fub- 
je&,  which  1 have  never  been  fo  lucky  as  to  fee.  The  cones 
are  not  all  of  the  fame  length  ; thofeon  the  edges  of  the  cornea 
are  the  longeft,  from  whence  they  gradually  diminilh  as  they 
approach  the  center,  where  they  are  not  above  half  the  length 
of  thofe  on  the  edges,  fee  rig.  2. 

As  thele  cones  10  eafly  tranfmit  the  light  through  their 
Jubilance,  when  I firft  examined  them  I thought  they  were 
tubes ; but  I have  fmee  viewed  them  broken  in  different  direc- 
tions, and  am  convinced  they  are  folid  tranfparent  bodies.  If 
they  be  viewed  with  a deep  magnifier,  every  cone  appears  di- 
vided tranfverfely  by  two  or  three  internal  fepta  or  partitions. 

1 have  made  fome  attempts  to  afeertain  their  number,  and  think  they  amount 
k>  about  1000. 

t This  m,lft  be  rcvcrfctl  if  <>>«  eye  be  coniidered  in  its  natural  pofition. 
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This  appearance  Is  owing  to  the  cones  themfelves  being  made  up 
of  feveral  cones,  one  within  another,  the  feptaov  partitions  being 
nothing  more  than  the  apices  or  points  of  the  external  cones  ; but 
this  will  be  further  explained  by  confidering  that  the  cornea  of 
the  Monoculus  may  be  divided  into  layers,  the  number  of  which, 
however,  I cannot  afcertain  ; but  1 once  met  with  a cornea  in 
which  the  internal  layer  and  its  cones  was  feparated  from  the 
external  lamina  and  their  cones.  A portion  of  the  interna, 
layer  is  fihewn  fig.  4. ; and  the  cones,  very  much  magnified, 
with  their  fepta  or  partitions,  are  exhibited  fig.  5. 

It  is  very  well  known,  that  all  cruftaceous  animals  depolit 
their  fhells  once  a year,  and  are  left  with  a foft,  tender  cover- 
ing, which,  after  fome  time,  acquires  the  hardnefs  of  the 
former  fhell.  As  the  cornea  in  thefe  animals  is  a part  of  the 
fhell,  it  is  reafonable  to  fuppofe,  that  the  internal  layer  is  left 
with  the  foft  covering,  containing  the  rudiments  of  the  future 
cornea  ; and  this  is  the  more  probable,  from  what  I have  before 
obferved,  that  I have  met  with  an  eye  where  the  internal 
layer  was  feparated  from  the  more  external  ones,  fee  fig.  4. 

The  ftru&ure  of  the  fmall  eyes  being  lefs  elaborate  than 
that  of  the  large  ones,  their  internal  appearance,  when  placed 
in  the  microfcope,  will  be  deferibed  in  a few  words.  They 
confift  of  an  oval,  tranfparent,  horny  plate,  of  an  amber  co- 
lour, in  the  center  of  which  hands  a iingle  cone,  through 
which  and  the  oval  plate  the  light  palfes,  fee  fig.  3 *. 

H aving  thus  deferibed,  as  concilely  as  pofiible,  the  lingular 
mechanifm  of  the  corner  of  the  Monoculus , I fhall  add  a few 
words  concerning  their  ufe.  The  lenticular  ftructure  of  the 
cornea  of  infers  in  general  certainly  afiifts  in  condenfing  or 

* The  fmall  eyes  are  analogous  to  thole  fmall  eyes  of  other  infccls  which 
entomologies  haffccallcd  Jlemmata . 
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ftrengthening  the  light  in  its  paffage  to  the  immediate  organ 
of  light.  It  is  probable,  that  the  cones  in  the  h/lonoculus  have 
the  fame  effeft.  Whether  they  an  Aver  that  purpofe,  in  a 
more  or  lefs  perfect  manner  than  the  lenfes  in  the  generality  of 
infers,  is  what  I cannot  take  upon  me  to  determine. 

EXPLANATION  OF  THE  PLATE. 

Fig.  i.  The  Monoculus  Polyphemus . 

AA.  The  large  eyes. 

BB.  The  fmall  ones. 

Fig.  2.  One  of  the  large  eyes  magnified. 

Fig*  3-  One  of  the  fmall  eyes  magnified. 

fig.  4.  A portion  of  the  internal  layer  magnified. 

^ 5*  ^ cones  magnified  with  their  fepta  or  partitions. 
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mal n’exifte  pas,  Three  Copies.  8* 
Obfervations  fur  le  magnetifme  Animal, 
par  M.  D’Eflon,  Two  Copies.  fol. 
The  Mahomedan  Law  of  SuccelTion  to 
the  Property  of  Inteftates,  in  Arabic, 
with  a verbal  Tranflation  and  expla* 
natory  Notes,  by  William  Jones,  Efq. 

4° 


The  Inferno  of  Dante,  tranflated  into 
^ Englifli.  4* 

Traitd  fur  divers  Accouchemens  labo- 
rieux  et  fur  les  Polypes  de  la  Matrice, 
2 vols.  y® 

Memoires  de  l’Academie  Imperiale  et 
Royale  des  Sciences  et  Belles  Lettres 
de  Bruxelles,  tom.  II.  et  III.  4* 

Memoire  fur  les  Maniere  d’elcver  les 
Abeilles,  par  M.  Zeghers.  40 

Memoirs  of  the  Life,  and  a View  of  the 
Charatter,  of  the  late  Dr.  John  Fo- 
thergill.  8° 

Memoires  des  fcavans  etrangers  pour  les 
annees  1777  et  1778.  40 

Memoirs  fur  les  Lunettes  Diplantidiennes 
ou  a double  Image  et  fur  les  Object ifs 
et  les  Oculaires  Achromatiqucs.  4’ 

Donors. 


Donors. 
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1782. 

June  6,  Charles  Burney,  M.  D, 

X3.  Dr.  Block,  of  Berlin. 

Thomas  Pennant,  Efq. 
Francis  Milman  M.  D. 

Nic.  Charles  Molitor. 
Mr.  John  Nichols. 


A general  Hiftory  of  Mufic,  from  the 
earlieft  Ages  to  the  prefent  Period, 
vol.  II.  4J 

Six  Numbers  of  a new  Natural  Hiftory 
of  Fifties,  and  a Diflertation  on  the 
Inteftinal  Worms.  4' 

A Journey  from  Chefter  to  London.  40 

An  Enquiry  into  the  Source  from  whence 
the  Scurvy  and  putrid  Fevers  arile.  8 3 
The  milcellaneous  Philofophical  Wri- 
tings of  Dr.  Ingen-houfz,  tranflated 
into  German  by  Nicolas  Charles 
Molitor.  83 

Biographical  and  Literary  Anecdotes  of 
Mr.  William  Bowyer,  Printer,  F.  A.  S. 
and  of  many  of  his  learned  Friends* 
By  John  Nichols,  his  Apprentice, 
Partner,  and  Succeftor,  4 
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A N 

INDEX 

TO  THE 

SEVENTY-SECOND  VOLUME 

OF  THE 

PHILOSOPHICAL  TRANSACTIONS. 


A, 


ABERRATION  of  the  fixed  fiars.  See  Velocity  of  the  Pays  of  Light.  Take* 
Jil  in  its  enlarged  lenfe,  depends  on  the  relative  velocities  of  light  and  of  the  tele- 
fcope,  p.  59. 

Acids.  See  Saline  Subfiance,  Inflammable  Air . 

Aerial  acid.  See  Fixed  Air. 

Andre  (Mr.  William).  See  Monoctdus  Polyphemus. 

Angles.  Two  things  necefiary  for  meafuring  extremely  fmall  ones  with  accuracy,  p.  85. 
Animal  creation.  See  Vegetable  Kingdom. 

Argillaceous  bodies.  Subject  to  a diminution  of  their  bulk  by  fire,  p.  30S.  Gage  for 
meafuring  that  diminution,  p.  310. 

AttraBivc  powers.  See  Saline  Sul  fiances. 

Aurora  Borealis.  See  Eleftricity . 


Barber,  Thomas.  See  Rain. 

Barometer.  See  Rain. 

Bernoulli • See  Thermometer. 

N n n 2 


Bills 
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Bills  of  Mortality.  See  While , York.  Their  importance  to  the  community,  p.  3 
Births  and  burials.  See  York. 

Black , Dr.  See  Phlogifon. 

Bradley , Dr.  See  Velocity  of  the  Rays  of  Light,  Fixed  Stars.  Part  of  a letter  from  him 
to  Dr.  Halley,  on  a new  difeovered  motion  of  the  fixed  liars,  p.  84. 

Brook , Abraham.  See  Elettromcter. 


C. 

• % 0 > Lf 

Calcareous  earth.  See  Saline  Subfances. 

Canton , Mr.  See  Eledlricity. 

Cwvendijh , Lord  Charles.  See  Thermometer. 

Collifion  of  Bodies.  Mr.  Smeaton’s  new  fundamental  experiments  upon,  p.  357. 
Intended  as  a fupplement  to  his  tradl  on  mechanic  power,  p.  338.  Reafon  for  now 
putluing  the  fame  fubjedl,  ibid.  The  laws  of  collifion  are  principally  of  three  kinds, 
p.  338.  Confiderations  on  two  bodies,  equal  in  weight  or  quantity  of  matter,  ftriking 
one  another,  p.  339.  et  feq.  Defcription  of  the  machine  for  collifion,  p.  347.  For 
trials  on  elaftic  bodies,  p.  349.  For  trials  on  non-elaflic  foft  bodies,  p.  350. 

Colours.  See  Fire.  All  eyes  or  lights  are  not  equally  adapted  for  diftinguifhing  them, 
p.  308. 

Cornijh porcelain  clays.  See  Fire. 

Crelliiy  D.  Laurentii.  Nova  experimenta  chemica  qua:  ad  penitiorem  acidi  e pingue- 
dine  eruti  cognitionem  vajere  videntur,  p.  8 — 34. 

D.  .»■■■■•.'  r - - 

Be  la  Lande.  See  Fixed  Stars. 

Double  Jlars.  See  Fixed  Stars.  Steps  of  vifion  preparatory  to  viewing  double  liars,  p. 
100.  See  Te/efcopes.  Catalogue  of  double  Pars,  by  Mr.  Herfchel,  p.  1 1 2.  Intro- 
ductory remarks,  ibid.  The  general  diilribution  of  the  fubjedl,  with  terms  ufed  to 
exprefs  the  comparative  fizes,  and  obfervations  on  the  colours  of  liars,  ibid.  p.  113. 
Someparticular  terms  and  contradions  explained,  p.  1 14.  Firfi  clafs  of  double  liars, 
p.  X15.  Second  ditto,  P.  122.  Third  ditto,  p.  129.  Fourth  ditto,  p.  136.  Fifth 
ditto,  p.  14,.  Sixth  ditto,  p.  iso.  Poflfcripr,  p.  157.  Mr.  Mayer,  in  his  “ Dc 
“ novis  in  ccelo  fidereo  phanomenis,”  has  given  a pretty  large  lift  of  double  ftars, 
fome  of  them  the  fame  with  thofe  in  Mr.  Herfchel’s  catalogue,  ibid.  Mr.  Herfchel’s 
reafon  for  ufing  glalTes  with  much  higher  powers  than  thofe  ufed  by  Mr.  Mayer,  p. 
J58.  Neither  Mr.  D.  Mayer’s  inftruments,  nor  his  method,  were  adequate  to  his 
purpofe,  ibid.  Difference  between  Mr.  Mayer’s  calculation  and  Mr.  Herfchel’s 
accounted  04  p.  159.  Reafons  for  uling  the  txpreflion  double  far  in  a few  irfftances 
preferably  to  Comes,  Companion , or  Satellite,  p.  161. 

Doubts,  See  Herjchcl. 


Earth 
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E. 


Earth  of  alium%  or  argillaceous  earth.  See  Saline  Subjiances . 

Eledricity.  Of  the  method  of  rendering  very  fenfible  the  weakeft  natural  or  artificial 
eledricity,  by  Mr.  Alexander  Volta,  p.  vii.  [See  the  original  Italian,  p,  237.]. 
Advantages  of  his  eledrophorus  in  investigating  atmofpherical  eledricity,  ibid. 
Ordinary  conductors  are  never  entirely  void  of  electricity,  ibid.  Defcription  and 
management  of  the  eledrophorus,  viii.  ct  fcq.  When  proper  to  ufe  that  apparatus, 
and  when  nor,  xi.  Ufe  and  advantages  of  imperfed  conductors,  xii.  Marble  Ilabs 
or  boards  preferable  to  all  other  planes,  for  imputed  conductors,  ibid.  Not  ever/* 
fort  of  marble  equally  proper,  xiii.  Metal  plates,  by  means  of  varnilh,  may  be 
nfed  inflead  of  marble,  ibid.  Advantages  or  a varmfhcd  plate  above  the  commou 
eledrophorus,  xiv.  Other  planes  may  be  fubllitujed,  with  equal  advantage,  intleaj 
of  matble  or  metal,  ibid.  Mr.  Canton’s  afl'ertion,  that  ftron^er  figns  of  eledricicity 
may  be  obtained  at  the  time  of  an  aurora  borealis  than  at  any  other,  confirmed,  p. 
xv.  Better  method  than  Mr.  Cavallo’s  of  difcovering  the  eledricity  of  certain 
bodies,  p.  xvii.  The  eledric  fpark  obtained  from  the  evaporation  of  water,  p.  xviii. 
xxix.  And  from  various  cffervefcences,  which  produce  inflam  .able,  fixed,  and 
nitrous  airs,  xix.  The  metal  place  has  a much  greater  capacity  xor  holding  eledricity 
in  one  cafe  than  in  others,  ibid.  The  intenfity  of  eledricity  mull  be  inverfely  pro- 
portional to  the  capacity  of  the  body  eledrified,  p.  xx.  The  capacity  of  condudors 
is  not  in  proportion  to  the  furface  in  general,  but  to  the  furfaces  which  are  free,  or 
uninfluenced  by  an  homologous  atmofphere,  p.  xxi.  What  the  author  means  by  a 
conjugate  condudor  explained,  ibid.  Various  experiments  in  confirmation  of  the 
author’s  ailertions,  ibid,  et  leq.  Why  an  eledrified  body  parts  with  its  eledricity 
calier,  a d from  a greater  diftance,  \\  hen  a pointed  condudor  than  when  a flat  or 
globular  one  is  p relented  to  it,  p.  xxv.  Ufefulnefs  of  Mr.  Cavallo’s  fmall  or  fecond 
condeufer,  p.  xxviii. 

Eledrometer.  Account  of  a new  one,  by  Mr.  Abraham  Brook,  p.  384.  Explanation 
of  the  plate,  ibid.  Method  of  making  the  divilions,  p.  386.  And  of  graduating 
the  inflrument,  ibid.  Its  advantages  above  thofe  in  ufe,  p.  387. 

Eledrophorus.  See  Eledricity. 

Equation.  A new  method  ot  finding  the  equal  roots  of  an  equation  by  divifion.  By 
the  Rev.  John  Hellins,  p.  417 — 423. 

Etna , Mount.  See  Rain.  A flight  earthquake  there,  preceded  by  a remarkable 
column  of  fmokc,  p.  v. 

Fye-glajs.  See  Optics. 


Fin. 
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F. 

The  force  of  it  can  only  be  juftly  afcertained  by  its  effeft  on  fome  known  body, 
p.  -07.  Method  of  producing  diftin£l  colours  and  lhades  from  calces  of  iron  com- 
pounded with  clay  by  different  degrees  of  fire,  ibid.  The  Cornifh  porcelain  clays 
belt  for  fupporting  the  intenfity  and  meafuring  the  degrees  of  fire,  p.  309.  Method 
of  preparing  them  for  thermometric  purpofes,  ibid. 
t Fitzgerald,  Keene.  His  experiments  with  Chinefe  hemp  feed.  See  Hemp  Seed. 

Fitzgerald,  Mr.  * See  Thermometer . 

o 

Fixed  air,  or  the  aerial  acid.  Is  capable  of  exiftirig  in  two  dates,  p.  :g$.  Cannot  be 
feparated  from  any  fubftance  in  a concrete  date,  and  why,,  p.  196.  See  Elrffricity, 
Saline  SubJlanceSy  -Sulphur. 

Fixed  Jlars.  On  the  parallax  of,  by  Mr.  Herfchel,  p.  82.  Difficulty  of  afeertaining 
the  dillance  of  the  fixed  liars,  and  from  what  caufes,  p.  82.  See  Angles.  The  noble 
method  pointed  out  by  Galileo,  and  firlt  attempted  by  Hook,  Flamftead,  Molineux, 
and  Bradley,  of  taking  ditlances  of  liars  from  the  zenith  that  pafs  very  near  it, 
though  it  failed  with  regard  to  parallax,  has  been  produdlive  of  the  mod  noble  difeo- 
Teries  of  another  nature,  p.  84.  Remarks  upon  Bradley’s  method  of  finding  the 
parallax,  p.  85,  86.  De  la  Lande  concludes  that  the  queltion  about  parallax  is 
refolved,  and  why,  p.  84.  Difficulties  attending  the  method  of  zenith  dillances,  p. 
86.  The  method  taken  by  Mr.  Herfchel  to  find  the  parallax,  p.  87.  See  Telefcvpes. 
Which  is  free  from  every  error  the  former  is  liable  to,  and  by  which  the  annual 
parallax,  if  it  fhould  not  exceed  the  tenth  part  of  a fecond,  may  dill  become  vilible, 
and  be  afcertained  at  lead  to  a much  greater  degree  of  approximation  than  it  ever  has 
been  done,  p.  89.  et  feq.  See  Optics.  High  powers  of  magnifying  abfolutely  necef- 
fary  in  the  refearch  of  the  parallax  of  the  fixed  dars,  p.  93.  Two  different  ways  ufed 
by  Mr.  Herfchel  in  fettling  the  dillances  of  double  dars,  p.  99.  With  his  method  of 
claffing  them,  p.  100.  et  feq.  General  podulata  refpefling  the  theory  of  the  annual 
parallax  of  double  dars,  &c.  p.  104.  et  i'eq.  General  obfervation  on  the  time  and 
place  where  the  maxima  of  parallax  will  happen,  p.  in. 

f-lamjlead.  See  Fixed  Stars. 


G. 

Gahleo.  See  Fixed  Stars. 

Gioeni,  Count  de.  See  Rain. 

Gcr/ut by  William.  His  regider  of  theParifh  of  Holy-Crofs,  See  Holy  Crofs, 


Hamilton t 
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H. 


Hamilton,  Sir  William.  See  Iron  Works. 

Bearing,  Account  of  the  organ  of,  in  fifh,  by  John  Hunter,  Efq.  p.  37g . when  Mr.. 
Hunter  fir  ft  obferv'ed  this  organ,  p.  380.  Nothing  more  eafy  than  the  expofure  of 
this  organ  of  fifh  in  general,  ibid.  Its  defcription  and  fituation  in  different  fi,h,  p.  381.  , 
et  feq.  Much  more  fimple  in  fifh  than  in  the  fuperior  orders  of  animals,  ibid.  An- 
experiment,  {hewing  that  founds  aifbd  them  much,  p.  38% 

Heat . See  Thermometer. 

Heckingham.  See  Lightning. 

Hellins , rev.  John.  See  Equation. 

Hemp-feed , Chinefe.  Surprizing  vegetation  of  fome  feeds  fown  two  months  after  the 
proper  feafon,  p.  47.  Defcription  of  the  plants,  ibid.  Manner  of  preparing  the 
plants  for  the  produdion  of  hemp,  ibid.  Defcription  of  the  plants  when  ftripped, 
p.  48.  Amazing  weekly  increale  in  length,  ibid.  Great  advantages  expeded  front 
the  cultivation  of  this  plant,  through  the  patronage  of  the  Society  for  the  Encou- 
ragement of  Arts,  &c.  ibid. 

Herfcbel,  William.  A paper  to  obviate  fome  doubts  concerning  the  great  magnifying 
powers  ufed  by  him,  p.  173.  His  prefent  method  of  determining  thole  powers,  p.  17^ 
His  former  method  of  determining  thofe  powers,  ibid.  Defcription  of  a camera-eye- 
piece,  made  for  that  operation,  p.  176.  Advantages  and  inconveniences  attending 
each  method,  ibid.  - See  Fixed  Stars , Double  Stars , I-  cvr,p- Hero  meter . 

Holy  Crofi , Salop.-  Extrad  of  the  regifter  of  the  pari fh  of,  pr  53.  An  adual  furvey 
made  in  the  year  1780,  p.  54.  Difeafes  aud  Cafualties  from  1770  to  1780,  p. 
Number  of  inhabitants  adually  furveyed  every  five  years  for  thirty  years,  ibid.  Rea- 
fons  of  the  increafe  and  decreafe  of  the  inhabitants  in  particular  years,  ibid.  p.  56. 
An  account  of  the  marriages  in  this  parifli  can  be  of  no  ufe  in  political  arithmetic* 
and  why,  p.  56.  And  the  public  regifter  is  too  general  for  fuch  pttrpofcs,  p.  57. 

Book.  See  Fixed  Stars. 

Hunter , John.  See  Hearing. 


Infinite  feries.  A new  method  of  inveftigating  the  fums  of,  by  the  rev.  Samuel  Vince, 
M.  A.  p.  389.  Part  I.  containing  a new  and  general  method  of  finding  the  fum  of 
thole  feries  which  De  Moivre  has  found  in  one  or  two  particular  cafes;  but  whofe 
method,  although  it  be  in  appearance  general,  will,  upon  trial,  be  found  abfolutely 
impraditable,  p.  390— -40 j.  Part  II.  containing  the  fummaiioa  of  certain  feries, 
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the  latl  difference  of  whofe  numerators  become  equal  to  nothing,  p*  401 — 407.  Part 
III.  containing  obfervations  on  a correilion  which  is  neceffary  in  inveftigating  the  Aims 
<of  certain  fcries  by  collecting  two  terms  into  one,  with  its  application  to  a variety  of 

cafes,  p.  407 — 416. 

Inflammable  air.  See  Phlogifion.  The  origin  and  nature  of  explained,  p.  196 — 197. 
Is  that  very  principle  which  alone  is  truly  inflammable,  as  has  been  (hewn  by  Mr. 
Volta,  p.  197.  Is  alfo  the  principle  which  reduces  metallic  earths  to  a metallic  Hate, 
-and  gives  them  their  metallic  fplendour,  p,  199.  Is  the  i'ubltance  which,  with  vitriolic 
acid,  forms  fulphur,  p.  200.  Acids  cannot  be  the  bafis  of  inflammable  air,  and 
why,  p.  202.  Neither  can  earths  or  refpirable  air,  p.  203.  Different  experiments 
on  inflammable  air,  with  obfervations,  p.  ao^etfeq.  The.reafon  why  inflammble 
air  mixes  fo  eafily  with  water,  and  phlogilton,  fuppoied  to  be  the  fame  fubflance, 
conlfantly  repels,  and  is  repelled  by  ir,  p.  209.  Effedts  produced  by  Dr.  Prieftley,  by 
melting  the  calces  of  iron,  copper,  lead,  and  tin,  in  inflammable  air  by  means  of  a 
burning  glafs,  p.  210.  See  FAcRricity. 

Ingcn-hsufZy  I)r.  John.  S^e  Vegetable  Kingdom. 

Inhabitants.  Two  methods  of  calculating  the  number  of,  in  any  place,  where  a nume- 
rical furvey  cannot  be  obtained,  p.  39.  Remarkable  coincidence  between  thofe  two 
meafures,  p.  40. 

Iron  works.  An  account  of  fome  fcoria  from,  which  refemble  the  vitrified  filaments 
deferibed  by  Sir  William  Hamilton,  p.  30.  Filaments  from  Mount  Vefuvius  and  the 
volcano  in  the  Ifle  of  Eourbon,  deferibed,  ibid.  See  Slag,  Smelting  Houfes . Sir 
William’s  opinion  concerning  the  formation  of  thofe  filaments,  p.  $t. 

K. 

King-crab.  See  Monocu/us  Polyphemus. 

Kir  wan,  Richard.  See  Saline  Subjlances , Sulphur w 

Kraft , Mr.  See  Thermometer. 


L. 

Lamp-micrometer.  Defcription  of,  and  the  method  of  ufing  it,  by  Mr.  William  Her- 
fchel,  p.163.  The  natural  imperfections  of  the  parallel  wire-micrometer,  ibid.  The 
lamp-micrometer,  which  is  free  from  all  thofe  imperfections,  and  has  the  advantage 
of  a very  enlarged  fcale,  deferibed,  p.  165.  Its  ufe,  p.  167.  Capable  of  great 
improvement  by  the  application  of  wheels,  pinions,  See.  p.  168.  The  application 
of  this  inflrument  explained,  p.  169.  And  exemplified,  p.  170.  The  meafures  of 
this  micrometer  not  confined  to  double  ftars  only,  but  may  be  applied  to  any  other 
objedts  that  require  the  utmoft  accuracy,  p.  117. 


Leibnitz , 
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Leibnitz.  Has  attempted  demonftrations  of  the  law  of  refradllon  from  principles  very 
different  from  Sir  Ifaac  Newton,  p.  59. 

Lightning.  Proceedings  relative  to  the  accident  by,  at  Heckingham,  p.  355.  Letter 
from  the  Board  of  Ordnance  to  Sir  Jofeph  Banks,  P.  R.  S.  ibid.  Extradls  from  the 
minutes  of  the  Council  of  the  Royal  Society,  p.  356.  Report  of  the  Committee  to 
the  Prefident  and  Council,  p.  357.  Defcripcion  of  the  Houfe  of  induftry  at  Heck- 
ingham, ibid.  Dimenfions  of  its  principal  parts,  p.  359.  Defcription  of  the 
conductors  affixed  to  the  chimnies,  ibid.  With  their  pofitions  and  refpedtive  termi- 
nations, p.  360.  et  feq.  Time  and  manner  of  the  lightning’s  fetting  fire  to  the 
building,  p.  366.  Its  effedt  on  different  parts  thereof,  p.  367.  et  feq.  Dimenfions 
and  defcription  of  the  liable,  p.  370.  et  feq.  Three  balls  of  fire  obferved  to  fall  at 
the  time  of  the  accident,  p.  377.  The  clouds  at  Norwich  were  negative  on  the  day 
of  the  accident,  ibid. 

Lloyd , George.  See  Rain. 


M. 


Magnefla , or  muriatic  earth.  See  Saline  Sub/lances. 

Magnifying.  See  Optics , Telefaxes,  Doubts. 

Marine  acid  air.  See  Saline  Subjlances.  Why  it  adls  fo  feebly  on  oil,  fpirits  of  wine, 
&c.  p.  236. 

Mayer , Mr.  See  Double  Stars. 

Metallic  Earths.  See  Inflammable  earths. 

Meteorological  Journal^  p.  28  £. 

Micrometer , the  parallel  wire  one.  See  Lamp- micrometer. 

Mineral  alkali.  See  Saline  Subfiances.  Mr.  Turner,  by  a peculiar  procefs,  extrafts 
it  in  the  greateft  purity  from  common  fait,  p.  188. 

Mineral fubfances.  Analyfis  of  two;  viz.  the  Rowley-rag-flone  and  the  Toad-flone,  by 
William  Withering,  M.  D.  p.  327.  Particulars  concerning  the  cor.dudt  of  the 
procefTes  explained,  p.  328.  See  Roivley-ragfone,  Toad f one. 

Moheau , Monf.  His  method  of  calculating  the  number  of  inhabitants  in  a place, 
without  a numerical  furvey,  p.  39. 

Molineux.  See  Fixed  Stars. 

Monoculus  Polyphemus  (or  King-crab)  Linnaei.  A microfcopic  defcription  of  the  eyes  of, 
by  Mr.  William  Andre,  Surgeon,  p.  440.  Has  in  reality  four  eyes,  though  they 
have  been  looked  on  as  only  two,  ibid.  Which  are  immoveable,  p.  441.  And 
confifl  of  two  fmall  and  two  large  ones,  ibid.  Defcription  of  the  large  ones,  p. 
442.  And  of  the  fmall  ones,  p.  443. 

Monfrous  births.  See  Torlefe. 

More,  Samuel.  His  account  of  fome  fcoria  from  iron  works,  &C.  p.  50.  See  Iron 
Works. 
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N. 

New'on,  Sirlfaac.  S zt  Velocity,  of  1 he  Rays  of  Light , Leibnitz. 

Nitrous  air.  See  Saline  L!u\ 'flances,  Fleftricity. 

No/let,  Abbe.  Ilis  excellent  method  of  difeovering  the  errors  occaiioned  by  the  inequa- 
lities on  the  inner  furfacc  of  the  glafs  of  thermometers,  p.  79. 

O. 

Optics.  Too  much  has  hitherto  been  taken  for  granted  in  that  fcience,  p.  91.  The 
pofition,  “ that  we  gain  nothing  by  magnifying  too  much ,”  confidered.  p.  92.  et  feq. 
Superiority  of  the  fingle  eye-glals  to  the  double,  in  point  of  light  and  diitinttnefs, 
p.  95. 

Optic  pencil.  Obfervations  on,  p.  96. 

P. 

Parallax  of  the  fixed ftars.  See  Fixed  Stars. 

Perpetual  motion.  The  idea  of,  a contradiction  in  terms,  p.  3 ^4. 

Petit , Mr.  See  Sulphur. 

Phlogiflnn.  See  Saline  Subfiances.  The  nature  of  it  explained,  p.  195.  Can  never  be 
produced  in  a concrete  ftate,  fingle  and  uncombined  with  other  fubilances,  ibid. 
The  caufes  of  inflammable  air  and  fpeciflc  fire,  which  are  different  ftates  of  phlo- 
gifton,  explained,  according  to  die  difeoveries  of  Dr.  Black,  p.  196.  See  Fixed 

Air , Inflammable  Air. 

Population.  From  Mr.  Wales’s  “ Inquiry  into  the  prefent  State  of  it  in  England  and 
Wales,”  and  different  numbers  of  thefe  Tranfa&ions,  appears  to  be  in  a general 
and  progrefiive  ftate  of  improvement,  p.  35. 

Prcfents.  Lift  of,  p.445. 

Prieflley,  Dr.  See  Saline  Subflanccs.  By  his  new  analyfis  has  produced  the  volatile 
alkali  free  from  the  aerial  acid  and  water  in  the  form  of  air,  p.  19 1.  See  hflamna - 
lit  air « 

R. 

• t 

Rain.  Account  of  a new  kind  of  rain  at  Mount  Etna,  by  the  Count  de  Gioeni,  i. 
Various  conjedtures  concerning  the  caufe  of,  ibid.  Methods  of  analyiing  it,  to 
determine  its  origin,  ii,  iii.  Which  appears  to  be  volcanic,  iii.  Not  hurtful  to 
animals  or  vegetables,  iv.  Its  great  extent  accounted  for,  ibid.  Table  of  the 
quantity  of  rain  which  fell  near  Barrowby  near  Leeds,  by  George  Lloyd,  Efq.  p. 
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7i.  Extraft  of  a regifter  of  the  barometer,  thermometer,  and  rain,  at  Lyndon  in 
Rutland,  by  Mr.  Barker,  p.  281. 

Refraftion.  Law  of,  explained,  p.  58. 

Relazionc  di  un  a nuova  pioggia,  feritta  dal  Conte  de  Gioeni  abitante  della  3s  reggione 
dell’  Etna,  p.  1. 

Rovcley -rag-Jlonc . See  Mineral  Subjiances.  Where  found,  p.  329.  Its  more  obvious 
properties,  p.  33a.  Experiments  on,  ibid.  Conclufions  from  thofe  experiments, 
p.  332.  Might  probably  be  ufed  advantageoufly  as  a flux  for  calcareous  iron  ores, 


Saline  Subjiances.  Continuation  of  the  experiments  and  obfervations  on  the  fpecifle 
gravity  and  attra&ive  powers  of  various  faline  fubflanccs,  by  Mr.  Kirwan,  p.  179. 
Some  miftakes  in  Mr.  Kirwan’s  laft  paper  rectified,  ibid.  Tables  conftru£fed  in  con- 
fequence  thereof,  p.  182.  et  feq.  The  quantity  of  pure  acids  taken  up  at  the 
point  of  faturation,  by  mineral  alkali,  examined,  p.  1 S 8 - Ditto  by  the  volatile 
alkali,  according  to  the  experiments  of  Dr.  Pricftley,  p.  191.  Ditto  by  calcareous 
earth,  p.  192.  Ditto  by  magneua  or  muriatic  earth,  p.  193.  Ditto  by  earth  of 
allum  or  argillaceous  earth,  p.  194.  Ditto  by  phlogifton,  p.  195.  Of  the  quan- 
tity of  phlogillon  in  nitrous  air,  p.  21 1.  Of  the  quantity  ot  ditto  in  fixed  air,  p. 
213.  Nature  and  origin  of  fixed  air  examined,  ibid.  Various  opinions  concerning, 
and  experiments  made  on,  diflerent  kinds  of  air,  p.  2 1 3 — 229.  Mr.  Kirwan  s account 
thereof  approved  by  Dr.  Pricftley,  p.  230.  Of  the  quantity  of  phlogifton  in  vitriolic 
air,  p.  231.  Method  of  purfuing  that  inquiry,  ibid.  Of  the  quantity  of  phlo- 
gifton in  fulphur,  p.  233.  Of  the  quantity  of  ditto  in  marine  acid  air,  p.  233. 

Table,  (hewing  the  folubility  or  infolubility  of,  in  alcohol,  by  Dr.  Withering, 

P-  336* 

Six,  Mr.  James.  See  Thermometer. 

Slag,  or  vitrified  cinder.  How  produced,  p.  31. 

Smeaton,  John.  See  Collifion  of  llodies. 

Smelting  honfes.  The  large  furnaces  ufed  there  prefent  a molt  ftriking  refemblance  of 
the  eruption  of  a volcano,  p.  5 f . 

Specific  fire . See  P blogifion. 

Specific  gravity.  See  Saline  Subjiances. 

Stones.  Showers  of,  thought  by  the  ancients  to  have  been  miraculous  rains,  uncovered 
to  be  volcanic,  ii.  Their  being  mixed  with  water  accounted  for,  p.  tv. 

Sulphur.  See  Inflammable  Air,  Saline  Subjiances , Method  of  eftimating  the  quantity 
of  fixed  air  produced  during  it  combuftion,  p.  233.  All  the  attempts  hitherto  made 
to  determine  its  conilituent  parts  evidently  defective,  p.  234.  Its  fpecifi-  gravity 
when  weighed  in  water  by  Mr.  Kirwan,  and  in  oil  by  Mr.  Petit,  p.  235. 
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T. 

7 'able:.  See  1 or k,  Holy  Cro/s,  Ram , Doubts,  Salim  Subjtances. 

Telcfeopes.  Amazing  improvements  in  the  conftrudion  of,  p.  89.  Double  liars  of 
excellent  ufe  in  trying  them,  p.  101.  Eflimations  made  with  one -telefcope  cannot  be 

applied  to  thofe  made  with  another;  nor  can  the  eflimations  made  with  different 

powers  of  magnifying,  though  with  the  fame  telefcope,  be  applied  to  each  other, 
p.  102. 

thermometer.  Account  of  an  improved  one,  by  Mr.  James  Six,  p.  ?2.  Inconvenience 
attending  the  thermometers  in  common  ufe,  ibid.  Which  Van  Swinden,  Mr. 
Kraft,  Lord  Charles  Cavendifc,  Mr.  Fitzgerald,  &c.  have  endeavoured  to  remedy’ 
ibtd.  Defection  of  Mr.  Six’s,  p.  73.  Which  in  fome  refpeds  refembles  thofe  of 
Mr.  Bernouiili  and  Lord  Charles  Cavendilh  ; but  differs  in  the  effential  property  of 
ihewing  how  high  the  mercury  had  rifen  in  the  obferver’s  abfence,  p.  74  How 
.hat  difference  ,s  effe61ed,  ibid.  How  to  retfify  this  thermometer  after  an  obferva- 
non,  without  diflurbing  the  mercury,  p.  75.  Method  of  deposing  it,  without 
hanging  up,  and  of  preventing  the  mercury  Ihifting  its  place  in  the  fpirits  within  the 
tube,  p.  76.  And  of  making  this  thermometer  a mercurial  one,  ibid.  Other  in- 
conveniences attending  the  common  thermometers  removed  by  this,  p 77.  Mr  Six’s 
different  methods  of  conflating  his  thermometers,  p.  78.  Method  of  adjufting  the 
divifions  on^the  fcale  to  the  inequalities  of  the  tubes,  p.  78.  See  Nolle/,  Rain. 

' ‘ An  att£mPt  t0  make  °ne  for  meafuring  the  higher  degrees  of  heat,  from 

a red  heat  up  to  the  ftrongeft  that  veffels  made  of  clay  can  fupporr,  by  Mr.  Jofiah 
Wedgwood,  p.  305.  Ufes  to  which  a meafure  for  the  higher  degrees  of  heat  may 
be  applied,  p.  306.  Inconveniencies  arifing  from  the  want  of  it,  ibid.  See 
Fire.  Manner  of  conflruding  the  thermometer,  p.  308.  Obfervations  which 
occurred  in  ufing  this  thermometer,  p.  311-322.  Analyfis  of  the  clay  of  which 
the  thermometric  pieces  are  formed,  p.  323_326. 

Foadjlone  See  Mineral  Subjlances.  The  mode  of  Us  flratification  fully  and  accurately 
defcribed,  by  Mr.  Whitehurfl,  of  Derbylhire,  p.  333.  Its  more  obvious  ie£ 

ibid.  Experiments  on,  ibid.  Conclufions  from  thofe  experiments,  p.  33r 

Torleje,  John.  His  account  of  a monflrous  birth  in  the  Eaft  Indies,  p.  44. 

turner,  Mr.  See  Mineral  Alkali. 

9W*  A term  ufed  in  fmelting  iron,  explained,  p.  p. 


V. 

Han  Snuinden.  See  thermometer. 

rv,M  UH&„.  Some  farther  confideration.  on  the  influence  of,  on  the  animal 
creation,  by  John  Ingen-houfz,  p.  4.6.  Account  of  fevcral  experiment.,  demon- 
nratmg,  that  vegetable.  difTafe  through  our  a.mofphere,  in  the  fun-foine,  a conti- 
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nual  fhower  of  beneficial  truly  vital  air,  ibid.  p.  433.  Obfervatior.s  thereon,  p.  435. 
— 43  8-  Benefits  to  be  drawn  from  this  new  difcovery,  p.  438. 

Vegetation , uncommon.  See  Hemp  Seed. 

Velocity  of  the  rays  of  light.  An  experiment  propofed  for  determining,  by  the  aberra- 
tion of  ihe  fixed  liars,  whether  the  rays  of  light,  in  pervading ‘different  media, 
change  their  velocity  according  to  the  laws  which  refult  from  Sir  Ifaac  Newton’s 
ideas  concerning  the  caufe  of  refraction,  and  for  afeertaining  their  velocity  in  every 
medium  whofe  refpeaive  denfity  is  known,  p.  58.  See  Leibnitz , RefiaAion.  Proofs 
that  the  aberrations  in  a telefcope  filled  with  a denfe  fluid  will  precifely  agree 
with  that  of  Dr.  Bradley’s,  only  in  the  cafe  of  the  rays  moving  fwifterin  the  medium 
ihan  in  air,  in  the  ratio  afligned  by  Sir  Ifaac  Newton,  and  that  this  famenefs  of 
aberration  will  itfelf  be  a proof  of  light  being  fo  accelerated  within  the  telefcope, 
p.  60.  etfeq.  Propofitions  concerning  the  viewing  a fubjedt,  when  the  denfe  fluid 
within  the  telefcope  is  confined  by  objedt-glafles  of  any  figure,  p.  65.  et  leq. 

Vince,  rev.  Samuel.  See  Infinite  Series. 

Vifion.  See  Double  Stars. 

Vitriolic  acid.  See  Infiammable  Air , Saline  Subfiances. 

P olatile  alkali . Saline  Subfiances , Priefiley. 

Volcanos.  See  Iron  Works , Smelting  Houfcs.  Marine  fait  the  bafis,  or  one  of  the  chief 
and  moll  abundant  menjlrua , which  excite  the  effervefcence  of,  iv.  The  appearance 
of  lightnings  in  their  eruptions  explained,  xxxiii. 

Volta,  Mr.  See  Infiammable  Air , Elefiricity. 

w._ 

Wales , Mr.  See  Population. 

Wedgwood,  Jofian.  See  Thermometer. 

White,  Dr.  William.  His  obfervations  on  the  bills  of  mortality  at  York,  p,  33.  See 
Tork. 

Wilfon , Patrick.  His  propofed  experiment  by  the  aberration  of  the  fixed  fiars,  &c.  See 
V do  city  of  the  Rays  of  Light. 

Withering,  Dr.  William.  See  Mineral  Subfiances , Saline  Subfiances. 


Y. 


York.  Obfervations  on  the  bills  of  mortality  at,  p.  33.  Table  of  the  births  and 
burials  there  from  Aug.  5,  172S,  to  Aug.  3,  1735,  P*  37*  Of  births  and  burials 
there  from  Jan.  1,  1770,  to  Dec.  1,  1776  inclufive,  p.  3S.  Of  biiths  and  burials 
there,  with  the  proportion  of  males  and  females,  annually,  from  January  1,  1770, 

to 
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to  Dec.  jr,  1776,  p.  39.  Of  the  mortality  of  the  feafons  there,  ibid.  Probable 
number  of  inhabitants  in  that  city,  p.  40.  Decreafe  of  the  deaths  there  from  1735 
to  1776,  p.  43.  The  difeafes  there  chiefly  of  the  inflammatory  kind,  p.  42. 
Inoculation,  the  improved  method  of  treating  feveral  diforders,  and  of  managing 
infants,  the  genera!  caufes  or  the  increafing  population  and  healthinefs  there,  ibid. 
The  improvements  in  the  llreets,  buildings,  &c.  have  contributed  to  the  falubrity  as 
well  as  beauty  of  that  city,  p.  43. 


/ 

The  number  of  plates  in  this  volume  is  XVII 


v 


I 


errata. 

Page.  Line. 

72.  2.  for  comunicated  read  communicated 

77.  12.  for  mercury  removed  without  earning  this  to  rife  read  removed 

without  caufing  the  mercury  to  rife 

81.  9.  for  fmaller  towards  the  middle  read  larger  towards  the  middle 

391.  — the  laft  line,  for  — read  + 

4O3.  1 2.  for  — 54  read  — 46 

408.  3.  from  the  bottom,  for  -1*  read  H * 
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